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Abstract 

In  September  1984,  it  became  Air  Force  policy  to  consi¬ 
der  supportabi lity  equal  in  importance  to  cost,  schedule, 
and  performance  in  weapon  system  acquisition.  All  levels  of 
management,  particularly  system  program  office  (SPO)  manage¬ 
ment,  must  be  made  aware  of  wherein  the  weaknesses  in  Air 
Force  design  and  contracting  strategies,  of  how  these  weak¬ 
nesses  can  be  overcome,  and  of  how  these  strategies  can  work 
together  to  place  the  needed  emphasis  on  supportability . 

The  objective  of  this  research  was  twofold.  First,  it 
attempted  to  discover  the  importance  of  supportability  in 
aircraft  system  design.  Secondly,  the  research  provided 
information  for  SPO  managers  to  use  in  directing  contrac¬ 
tors,  via  contractual  requirements,  to  design  for  supporta¬ 
bility.  It  also  provided  program  managers  with  information 
on  technologies  they  can  promote  as  supportable  without 
sacrificing  cost,  schedule,  and  performance.  To  meet  these 
objectives,  20  individuals  managing  advanced  technology 
programs  were  interviewed.  Interviewees  also  discussed  how 
the  system  acquisition  process  could  be  improved  to  increase 
emphasis  on  supportability.  Eleven  advanced  technologies 
are  presented  for  their  potential  contribution  to  improving 
the  supportability  of  future  aircraft  systems.  Applications 
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of  any  of  these  advanced  future  aircraft  systems.  Applica¬ 
tion  of  any  of  these  advanced  technologies  will  result  in  at 
least  one  of  the  following:  increased  reliability, 
decreased  need  for  support  requirements  (i.e.,  maintenance 
manpower,  support  equipment,  etc.),  or  decreased  maintenance 
repair  time.  Also,  four  acquisition  strategies  are 
presented  for  their  potential  contribution  to  increasing  the 
level  of  emphasis  placed  on  supportabi 1 i ty  in  aircraft 
system  design. 
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SUP PORTABILITY  IN  AIRCRAFT  SYSTEMS  THROUGH  TECHNOLOGY 
AND  ACQUISITION  STRATEGY  APPLICATIONS 

I .  Introduction 

Background 

In  September  1984,  the  Secretary  of  the  Air  Force. 

Verne  Orr,  and  Air  Force  Chief  of  Staff,  General  Charles 
Gabriel,  signed  a  letter  stating  the  United  States  Air  Force 
considers  supportabi li ty  equal  in  importance  to  cost, 
schedule,  and  performance  in  weapon  system  acquisition. 

These  four  factors  are  to  be  used  to  assess  the  value  of 
contractors'  proposals  and  to  competitively  rank  each 
proposal  submitted  to  the  Air  Force  for  a  given  acquisition. 

For  the  purpose  of  this  thesis,  the  following  defini¬ 
tions  apply.  Cost  is  defined  as  the  amount  paid  or  payable 
for  the  acquisition  of  property  or  services  (3:179). 

Schedule  is  that  part  of  a  contract  which  sets  forth  details 
of  the  property  to  be  delivered  or  services  to  be  performed 
in  a  given  timeframe  (8:610).  Both  these  terms  are  used  by 
system  program  office  (SPO)  management  to  assess  whether  the 
contract  is  within  budget  and  will  be  completed  on  time. 
These  are  indicators  of  system  progress  used  only  during  the 
acquisition  phase.  Performance  and  suppor tabi 1 i ty  are 


factors  which  will  characterize  the  system  throughout  its 
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life  cycle.  The  performance  factor  controls  the  item  being 
procured  by  establishing  operating  requirements  supplemented 
by  quality  assurance  provisions  and  form,  fit,  and  function 
limits  (3:518).  Suppor tabi 1 i ty  is  qualitatively  and  quanti¬ 
tatively  defined  by  the  activities  that  create  and  sustain 
warfighting  capability.  These  activities  include  organ¬ 
izing,  training,  and  equipping  for  the  deployment  and  employ¬ 
ment  of  aerospace  systems.  Suppor tabi 1 i ty  includes  reliabil¬ 
ity  and  maintainability  (R&M)  characteristics  of  the  system. 
All  of  these  factors  (cost,  schedule,  performance,  and 
supportability )  influence  the  decision  process.  During 
acquisition  there  may  be  tradeoffs  between  any  two  or  more 
of  these  four  factors  as  program  requirements  or  priorities 
change . 

The  SPO  is  the  only  organization  in  the  Air  Force 
authorized  to  negotiate  with  contractors  during  acquisition. 
For  this  reason  it  is  imperative  for  the  SPO  to  be  an  advo¬ 
cate  of  supportability  if  its  contractors  are  to  design 
aircraft  systems  to  be  operationally  supportable.  The 
typical  SPO  is  designed  to  find  and  develop  a  solution  to  a 
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validated  current  or  projected  operational  deficiency.  The 
SPO  explores  concepts,  studies  and  validates  possible  alter¬ 
native  solutions,  and  then  manages  the  development  and 
initial  production  of  the  new  system.  The  SPO  is  the  focus 
of  all  Air  Force  management  and  direction  of  weapon  system 
acquisitions  (17:4). 


R&M  2000  is  an  action  plan  to  institutionalize  the  Air 
Force  commitment  to  accelerated  reliability  and  maintainabil¬ 
ity  improvements  in  new  and  fielded  systems.  Five  goals  in 
the  R&M  2000  action  plan  focus  Air  Force  efforts  in  the  area 
of  R&M: 

1.  Increase  warfighting  capability. 

2.  Increase  survivability  of  the  combat  support 
struc  ture . 


3. 

Decrease 

mobility 

requirements  per 

deploying  unit. 

4. 

Decrease 

manpower 

requirements  per 

unit  of  output. 

5  . 

Dec  rease 

costs . 

Note  that  improving  R&M  is  not  one  of  the  goals;  however, 
improving  R&M  is  the  vehicle  for  achieving  the  goals. 

During  the  past  three  years,  interest  in  suppor tabi 1 i ty 
has  filtered  down  to  all  levels  of  Air  Force  management  and 
influenced  the  programs  and  activities  they  oversee.  But, 
as  a  finding  in  the  report  of  the  President's  1985-86  Blue 
Ribbon  Commission  on  Defense  Management  indicated,  this 
influence  is  limited.  This  is  due  in  part  to  the  fact  that 
logisticians,  advocates  of  suppor tabi 1 i ty  in  the  SPOs ,  do 
not  have  the  authority  to  ensure  suppor tabi 1 i ty  is  given  the 
same  consideration  as  cost,  schedule,  and  performance 
factors  in  acquisition  (40:8).  A  major  task  of  the  Blue 
Ribbon  Commission  was  to  evaluate  the  defense  acquisition 
system,  to  determine  how  it  might  be  improved,  and  to 
recommend  changes. 


In  a  1936  article  Dr.  James  ?.  Wade,  Assistant  Secre¬ 
tary  of  Defense  for  Acquisition  and  Logistics,  also  stated 
that  senior  logisticians  in  the  SPOs  do  not  have  authority 
equal  to  that  of  the  senior  engineers  and  contracting 
officers.  The  lack  of  authority  of  logisticians  stems  from 
the  need  for:  (1)  a  more  integrated  approach  to  logistics 

by  the  SPOs,  and  (2)  quantified  suppor tabi li ty  tradeoffs 
(55:4)  . 

Integrated  approach  refers  to  a  team  or  system  approach 
in  designing  aircraft  systems.  That  is,  all  aspects  of  an 
aircraft  system  are  considered  in  its  development  with 
emphasis  placed  on  the  optimum  design  of  a  system  for  its 
life  cycle.  The  SPO  is  structurally  organized  to  implement 
the  integrated  approach  but  that  integrated  approach  is  not 
used  affectively  in  the  day-to-day  business  of  design. 
Marconi  Von  Spangenburg  viewed  the  SPO ' s  approach  to  design 
as  segmented  under  separate  management  functions  (54:54). 

Acquisition  logisticians  must  have  quantitative  data  to 
define  the  tradeoffs  between  suppor tabi 1 i ty  issues  and 
performance,  cost,  and  schedule  issues.  One  example  of  the 
gain  to  be  made  by  quantifying  suppor tabi 1 i ty  comes  from 
Rockwell.  "In  the  past,  we  would  put  our  R&M  guys  in  the 
same  room  with  the  engineers,  and  they  would  just  start 
waving  their  arms  around,"  noted  the  vice  president  for 
suppor tabi 1 i ty ,  Advanced  Tactical  Fighter  ( A  TF )  systems, 
Rockwell  International.  Rockwell  logisticians  are  beginning 
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to  replace  "arn  waving"  witn  output  from  quantitative  data 
bases  containing  supportabi li ty  information.  This  has 
enabled  them  to  interact  equally  with  their  engineering 
peers  to  influence  design  decisions  (23:18). 

It  is  the  contractor  who  designs  and  builds  support- 
ability  into  aircraft  systems.  Therefore,  SPO  management 
must  influence  the  contractor's  supportabi 1 i ty  performance 
directly.  The  articles  and  report  previously  cited  support 
the  notion  that  mere  guidance  is  not  going  to  bring  about 
the  needed  reforms  to  place  suppor tabi 1 i ty  issues  at  the 
forefront  in  weapon  system  design.  The  Air  Force  must 
ensure  industry's  undivided  attention  is  given  to  supoorta- 
bility  through  strong  contractual  incentives,  both  positive 
and  negative.  By  raising  the  consideration  level  of  support 
ability  in  source  selection,  increasing  supportabi lity  incen 
tives  during  development,  insisting  on  warranties  in  prilu:- 
tion,  and  extending  the  contractor's  participation  and 
responsibility  beyond  the  factory  and  into  the  field,  the 
Air  Force  will  be  able  to  bring  about  the  improvement 
desi red  ( 44: 125 ) . 

As  the  Air  Force  continues  to  investigate  ways  to 
increase  the  level  of  suppor tabi 1 i ty  in  current  aircraft 
systems,  it  is  recognizing  that  the  intelligent  application 
of  technologies  can  result  in  significant  improvements  to 
suppor tabi 1 i ty .  For  example,  the  High  Reliability  Fighter 
(HRF)  Concept  Investigation  study  effort  identified 


oppor  tuni  ties  in  tne  technology  base  hr  reliability,  main¬ 
tainability,  and  supper tabi 1 i ty  improvements.  It  then 
analyzed  the  impact  of  the  improvements  on  aircraft  design, 
and  developed  viable  design  concepts  for  the  highly  reliable 
fighter  aircraft  requiring  minimal  support  (38).  These  tech 
nologies  in  the  appropriate  applications  have  the  potential 
to  increase  reliability,  decrease  the  need  for  support  equip 
ment,  reduce  maintenance  manpower  requirements,  and/or 
decrease  maintenance  repair  time. 

All  levels  of  management,  particularly  acquisition 
program  management,  must  be  made  aware  of  wherein  lie  the 
weaknesses  in  Air  Force  design  and  contracting  strategies, 
how  these  weaknesses  can  be  overcome,  and  how  these  strat¬ 
egies  can  work  together  to  place  the  needed  emphasis  on 
supportability.  To  focus  more  specifically  on  supportabil- 
ity,  SPO  management  should: 

1.  Consider  supportability  equal  to  cost,  schedule, 
and  performance  because  of  its  contributions  to  life  cycle 
cost  and  to  operational  availability  of  the  aircraft  system. 

2.  Use  acquisition  strategies  to  emphasize  the  impor¬ 
tance  of  supportability. 

3.  Design  new  aircraft  weapon  systems  from  an  inte¬ 
grated  approach  using  state-of-the-art  technology  that  from 
the  outset  emphasizes  supportability. 


Statement  of  Problem 

This  thesis  investigated  how  current  and  future  technol 
ogies  and  new  acquisition  strategies  can  used  to  bring  the 
suppor tabi li ty  factor  to  a  level  equal  to  the  cost,  sched¬ 
ule,  and  performance  factors  in  the  decisions  made  by  Air 
Force  system  program  offices. 

Research  Questions 

The  objective  of  this  rese.are.n  was  twofold.  "irsc,  it 
attempted  to  discover  the  importance  of  suppor tabi 1 i ty  in 
aircraft  system  design.  Secondly,  the  research  provided 
information  for  program  managers  to  use  in  directing  contrac 
tors,  via  contractual  requirements,  to  design  for  suoporta- 
bility.  It  also  provided  program  managers  with  information 
on  technologies  they  can  promote  as  supportable  without 
sacrificing  cost,  schedule,  and  performance. 

Research  Questions 

In  the  attempt  to  accomplish  the  research  objectives, 
the  following  questions  were  investigated  and  answered: 

1.  What  contracting  strategies  exist  or  .should  oe 
implemented  which  would  give  equal  consideration  to  support- 
ability,  cost,  schedule,  and  performance  in  the  acquisition 
process? 

2.  What  current  or  new  technologies  will  make  future 
aircraft  systems  more  supportable  without  sacrificing  cost, 
schedule,  and  performance? 
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Limitations  of  Study 

This  study  was  limited  to  investigating  acquisition 
strategies  and  technologies  which  can  be  applied  during  the 
development  and  acquisition  phases  of  Air  aircraft 

systems.  Technologies  were  limited  to  those  applicable  to 
major  systems  on  aircraft  researched  by  the  Air  Force  Wright 
Aeronautical  Laboratories. 

Literature  Review- 

Importance  of  Suppor tabi 1 i ty .  The  President's  Blue 
Ribbon  Panel  on  Defense  Management  stated: 

There  is  a  need  for  an  informed  tradeoff  between 
quantity  and  quality.  At  some  point,  more  weapons 
of  lower  performance  can  overcome  fewer  weapons  of 
higher  performance  [40:13]. 

Wit.n  an  increase  in  complexity  comes  a  commitment  increase 
in  cost  which,  in  the  context  of  a  fixed  DOD  budget,  means 
fewer  aircraft  can  be  procured. 

New  technologies  emphasizing  suppor tabi 1 i ty  ars  begin¬ 
ning  to  be  used  in  designs  of  new  Air  Force  weapon  systens. 
The  rasult  nf  tnese  technologies  will  likely  be  higher 
aircraft  availability.  Highly  complex  aircraft  which  have 
suppor tabi 1 i ty  designed  into  give  back  through  availability 
the  quantity  advantage  which  is  lost  with  the  high  cost  of 
complex  aircraft.  Pram  this  standpoint,  suppor  ability  can 
be  considered  a  force  multiplier. 


The  concept  of  force  multiplier  refers  to  the  qualifies 
inherent  in  an  aircraft  system  which  provide  tne  capability 
to  quickly  relaunch  an  aircraft  on  successive  missions.  The 
more  aircraft  which  are  launched,  the  higher  the  aircraft 
availability.  This  can  be  accomplished  by  assigning  more 
aircraft  per  squadron,  or  keeping  the  same  number  of 
aircraft  but  making  them  more  supportable  (1:4;  17:7). 
Aircraft  which  are  highly  supportable  can  be  relaunched  with 
shorter  turnaround  times. 

According  to  General  Larry  0.  Welch,  then  Air  Force 
Vice  Chief  of  Staff,  in  1985: 


The  F-15  had  no  spare  parts  or  manpower  shortage 
but  a  reliability  and  maintainability  (R&M) 
problem.  The  first  F-15's  had  tremendous 
performance  capabilities  but  frustrating  R&M 
problems.  What  happened  duriij  fie  acquisition 
process  was  that  in  order  to  meet  the  threat, 
reliability  and  maintainability  were  traded  off 
for  performance  priorities  [13:10]. 


General  Robert  Russ,  Commander  of  Tactical  Air  Command  (TAG) 
in  1935,  stated: 


Due  to  the  "find  and  fix"  approach  used  over  the 
late  decade  on  the  F-15's,  its  reliability  had 
been  improved  to  the  point  that  today  it  can  fly 
two  and  a  half  times  longer  between  corrective 
maintenance  actions  it  could  a  decade  ago.  This 
is  a  force  multiplier  that  translates  into  extra 
planes  for  a  battle  commander.  A  one  percent 
increase  in  mission  capable  rate  for  a  force  of 
700  F-15's  Is  the  equivalent  of  adding  seven  more 
F-15's  to  the  inventory  [18:10]. 
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The  "find  and  fix"  approach  to  R&M  has  been  successful!/ 
applied  to  other  weapon  systems  resulting  in  improvements  to 
the  F-100  engine,  avionics,  modifications  of  the  F-lll,  and 
offensive  avionics  update  for  the  3-52  fleet. 

In  a  1982  Air  Force  Institute  of  Technology  thesis,  a 
research  question  was  posed  as  to  whether  aircraft  availabil¬ 
ity  increased  with  improved  aircraft  maintainability.  The 
research  indicated  there  was  a  significant  positive  relation¬ 
ship  between  availability  and  percent  reduction  and  percent 
reduction  in  repair  tine.  Furthermore,  the  research  found 
evidence  indicating  increased  availability  through  reduced 
maintenance  time  was  related  to  increased  availability 
through  additional  aircraft  (12:65-66). 

Not  only  should  supportabi 1 i ty  be  viewed  as  a  force 
multiplier  from  an  availability  standpoint,  but  also  as  a 
means  to  reduce  operating  and  support  costs  and,  in  turn, 
life  cycle  costs.  With  the  Air  Force  operating  on  a  fixed 
budget,  the  less  money  spent  on  operation  and  support  of 
aircraft  systems,  the  more  money  thit  could  be  applied  to 
other  budget  items.  For  example,  the  Air  Force  could  place 
more  emphasis  on  increasing  the  quantity  of  buys  and  the 
amount  of  research  and  development  it  funds.  This  r supplica¬ 
tion  of  funds  would  have  to  be  requested  in  the  Air  Force 
annual  p  'ogram  and  budget  requests  submitted  to  the  Secre¬ 
tary  of  Defense. 
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In  the  final  analysis,  the  ability  of  the  Air  Force  to 
incorporate  performance  and  suppor tabi l i ty  features  in  its 
aircraft  systems  will  Largely  dictate  the  combat  potential 
of  prospective  aircraft  systems  and  their  capability  to 
successfully  deter  or  engage  an  enemy  (14:201-242). 

Acquisition  Strategies.  The  Pentagon  in  1985  had 
contracts  with  20,000  prime  contractors  and  150,000  suocon- 
tractors  which  together  employed  1.25  million  people  through 
out  the  United  States.  In  1985,  the  Pentagon  paid  to  tnesa 
contractors  and  subcon  tractors  $245  billion  for  a  wide 
variety  of  goods  and  services  (19:144).  With  such  a  huge 
expenditure,  and  the  need  for  a  wide  variety  of  goods,  one 
would  expect  a  lot  of  competition  for  government  contracts 
throughout  private  industry.  In  actuality,  the  states  of 
affairs  in  the  DOD  procurement  structure  may  stifle 
competition  and  discourage  firms  from  doing  business  with 
the  (J.S.  Government. 

A  1934  report  to  the  President  on  the  state  of  small 
business  stated  that  within  DOD  (which  accounts  for  approxi¬ 
mately  80  percent  of  all  federal  purchase  expenditures)  tie 
portion  of  prime  contracts  awarded  to  small  ousiness  in  FY82 
was  less  than  20  percent.  Further,  DOD's  buy  was  concen¬ 
trated  in  the  hands  of  a  relatively  few  large  business 
firms,  with  tne  top  2C  receiving  about  45  percent  of  the 
budget  (52:23).  Small  firms  contribute  approximately  33 
percent  of  the  nation's  gross  national  product  (GNP)  and 
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represent  over  93  percent  of  all  (J.S.  business  establish¬ 
ments.  Small  businesses  are  defined,  in  general,  as  those 
with  less  than  500  employees  (13).  The  Small  Business 
Administration  (SBA)  attributed  this  disparity  to  the  multi¬ 
tude  of  regulations  the  Government  has  established  in  trying 
to  assure  the  quality  of  what  it  procures.  Compliance  with 
these  complex  regulations  is  costly  and  discourage  many 
small  businesses  from  contracting  with  the  Federal  Govern¬ 
ment.  As  a  result,  DOD  is  not  able  to  take  advantage  of  the 
innovation  of  the  younger,  smaller  entrepreneurial  firms. 

Currently  only  five  percent  of  the  Pentagon's  total 
procurement  dollars  are  awarded  on  a  formal  closed-bid 
basis.  Sixty  percent  go  out  in  contracts  that  are  "competi¬ 
tively  negotiated"  with  a  few  companies  that  the  Pentagon 
officials  deem  "qualified."  The  remaining  35  percent  of  the 
DOD  procurement  dollars  involve  no  bidding  at  all 
(19:144-145).  They  are  used  either  to  fund  sole  source 
programs  between  a  single  bidder  and  the  Government  or  to 
extend  existing  contracts. 

DOD,  in  establishing  a  new  program,  puts  together  a 
request  for  proposal  (RFP).  The  RFP  includes  military  sped 
fications  which,  on  larger  programs,  can  run  to  thousands  of 
pages.  Industry  then  submits  proposals  in  response  to  the 
RFP.  The  overly  detailed  RFP  with  its  system  specifications 
serves  as  a  basis  for  defense  contractors  to  prepare  competi 
tive  proposals  describing  how  they  would  meet  the 


specifications.  Preparation  of  competitive  proposals  may 
expose  technical  problems  with  the  specifications  or  reveal 
modi f ications  that  would  be  most  cost  effective.  The  envi¬ 
ronment  for  program  competition  encourages  improvements  with 
in  the  specifications  but  discourages  modifications  that 
deviate  from  speci  f  icat  ions .  This  closes  the  door  on  one 
principal  factor — tradeoffs  between  per formance/sappor tabi 1- 
ity  and  cost — on  which  competition  should  be  based.  The 
resulting  contract  award,  based  mainly  on  cost,  all  too 
often  foes  to  the  contractor  whose  bid  is  the  most  optimis¬ 
tic  (40:7). 

Joseph  Wright,  Jr.,  Director,  Office  of  [Management  and 
Budget,  stated  in  1985  that  the  procurement  process  needs  to 
be  simplified  and  competition  increased.  A  goal,  he  said, 
is  the  shift  from  the  use  of  complex  design  spec i f  ications 
to  simplified  performance  specifications  (39:0.  DOD  should 
reduce  its  use  of  military  specifications  when  they  are  not 
needed  and  improve  the  usefulness  of  the  specifications  when 
they  are  needed.  To  do  this  could  mean  using  a  minimum  of 
military  specifications  but  supplemented  with  commercially 
used  specifications.  Military  spec  i  f  ica t  ions  could  be  oased 
more  on  industry  standards  such  as  those  published  by  the 
American  National  Standards  Institute  and  the  American 
Society  for  testing  and  Materials.  This  would  provide  the 
incentive  for  DOD  to  use  commercial  devices  and  products  to 
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a  greater  extent  and  attract  nore  firms  to  bid  on  DOD 
contracts . 

In  support  of  these  facts  and  opinions,  the  Report  to 
the  President  on  Defense  Acquisition  recommended  that: 


Federal  laws  governing  procurement  should  be  rico¬ 
cheted  into  a  single,  greatly  simplified  statute 
applicable  government-wide  [40:13]. 

The  Air  Force  RFP  and  Statement  of  Work  should 
include  a  functional  description  of  the  desired 
product  and  not  refer  to  military  specifications. 
This  would  allow  the  bidders:  1)  to  choose  fron  a 
wider  range  of  technologies  in  responding  to  the 
proposal,  2)  to  use  more  commercially  available 
products  at  more  competitive  prices,  and  3)  to 
respond  knowing  the  proposal  is  evaluated  for 
quality  not  lowest  price  [40:7]. 


Recognition  of  another  ieciciency  in  tha  military  regu 
lations  has  come  to  the  forefront  with  the  increased  empha¬ 
sis  on  supoortability.  This  deficiency  is  in  defining  and 
calculating  the  parameters  used  as  R&M  requirements.  Mean 
time  between  failure  (MTBF),  an  example  of  a  reliability 
parameter,  is  calculated  from  predicted  or  actual  flight 
data.  System  R&M  requirements  are  established  by  the  using 
organisation  at  the  onset  of  the  program.  These  require¬ 
ments:  (1)  dictate  the  R&M  design  of  the  system,  (2)  serve 

as  the  basis  for  reliability  demonstration  testing,  (3)  ara 
compared  to  flight  test  R&M  measurements,  and  (4)  are  used 
as  a  baseline  against  which  to  both  award  reliability  incen 
tive  warranties  (RIW)  and  determine  program  success  or 
failure.  The  parameters  are  not  defined  as  part  of  the 
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requi r e.nen ts  bat  are  left  for  interpretation  by  the  organisa¬ 
tions  which  generate,  measure,  report,  or  use  them. 

The  user's  R&M  requirements  are  published  in  the  State¬ 
ment  of  Operational  Concept  (SCC)  specifying,  for  example,  a 
150-hour  MTBF  requirement.  What  is  meant  by  failure?  Does 
it  include  all  hardware  failures  or  are  there  contractual 
exclusions?  Are  software  errors  included?  MTS l'  Li  calcu¬ 
lated  as  the  number  of  failures  divided  by  operating  hours. 
What  is  meant  by  operating  hours?  Does  it  includes  ground 
operation  or  just  flight  tine?  Should  a  factor  be  included 
to  equate  laboratory  test  time  to  flight  time  so  the  two 
sets  of  time  can  be  added  together  to  count  as  operating 
time?  Nowhere  in  the  00D  or  Air  Force  regulations  are  these 
questions  answered. 

In  maintainability,  a  requirement  for  mean  time  to 
repair  time  (MTTR)  is  exclusively  a  contract  term  as  defined 
in  AFR  900-13.  Yet,  it  appears  in  the  SOCs  as  an  opera¬ 
tional  term  as,  for  example,  in  the  low  altitude  navigation 
targeting  infrared  for  night  (LANTERN)  and  an t  i -sate 1 1 i te 
(ASAD  programs.  If  the  using  organisation  has  specific! 

R&M  requirements,  then  the  parameters  to  measure  these 
character  istics  should  be  stated  clearly  to  avoid  any 
misunderstanding . 

On  actual  example  of  tnis  misunderstanding  ani  lac'x  of 
communication  between  user  and  developer  is  an  existing 
avionics  system.  The  avionics  system  requirement  for 
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L50-hour  MTBF  was  satisfied  as  the  developer  interpreted  the 
requirement.  The  con  tree 1 3 r  showed,  via  a  reliability 
prediction,  that  the  system  design  could  achieve  at  least 
150-hour  MTBF.  For  a  total  of  1,740,000  system  operating 
hours  actual  failures  (hardware  only)  logged  were  10,431. 
Thus,  the  MTBF  of  the  system  was  167  hours,  surpassing  the 
requirement.  This  data  came  from  actual  Air  Force  0056 
field  data  (16:26).  D056  is  an  operational  data  base  for 

recording  all  maintenance  actions  performed  on  weapon  system 
and  associated  equipment  in  the  Air  Force  inventory. 

The  misunderstanding  stems  from  the  fact  that  of  the 
23,193  maintenance  actions  performed  on  this  avionics  system 
and  recorded  in  0065,  the  developer  found  2,183  to  be  "no 
defect"  (no  identifiable  reason  for  outage):  2,966  were 
removals  to  facilitate  other  maintenance  (not  failure); 

4,911  were  actually  caused  by  other  on-aircraft  maintenance 
actions;  and  the  remaining  13,123  were  labeled  as  fall  ires. 
However,  of  the  13,123  failures,  900  were  induced  and,  of 
the  remainder,  1,797  were  solved  by  adjustments.  That 
leaves  only  10,431  considered  as  relevant  failures, 
resulting  in  the  167-oour  MTBF  reported  by  the  developer. 

But  the  user  had  to  deal  with  the  real  vorld  number  of 
23,193  maintenance  actions.  As  far  as  the  user  was 
concerned,  all  23,193  maintenance  actions  were  relevant  and 
the  system's  real  MTBF  was  75  hours  (18:26). 


i*f.avi 


Soares  and  nanpower  wera  assigned  to  inantam  tms 


system  based  on  the  167-hour  MTBF.  This  discrepancy  between 


the  167-hour  MTBF  and  the  user's  75-hour  MTBF  left  the  use; 


with  a  system  short  of  spares  and  manpower  to  perform  the 


required  maintenance. 


The  Air  Force  definitions  of  reliability  and  maintain¬ 


ability  terms  ara  not  standardized  across  organizations. 


With  this  fact  acknowledged ,  the  Air  Force  has  difficulty 


determining  with  any  degree  of  confidence  the  gains  and 


losses  to  be  achieved  through  supoor tabi 1 i ty  measurements, 


Also,  the  Air  Force  cannot  confidently  award  to  its  contrac¬ 


tors  reliability  incentive  warranties  (RIW)  for  achieving 


supoor tabi 1 i ty  goals  that  are  not  previously  defined. 


Application  of  Technology.  State-of-the-art  technol¬ 


ogy  is  most  often  chosen  for  incorporation  in  a  new  or 


existing  aircraft  because  it  will  increase  some  aspect  of 


the  aircraft  weapon  system's  performance.  Technology  must 


be  considered  for  what  it  has  to  offer  from  a  sm >  > > r 5 abi 1 i tv 


standpoint  as  well.  New  designs  must  use  technology  which 


enhances  both  supp-  u*  t  ib  i  1  i  ty  and  performance.  This  was  a 


conclusion  reached  by  the  President's  Blue  Ribbon  Commission 


on  Defense  Management  which  stated: 


DOD  should  place  a  much  greater  emphasis  on  using 
technology  to  reduce  cost--both  dirtily  by 
reducing  unit  acquisition  cost  and  indirectly  by 
improving  the  reliability,  operability,  and  main¬ 
tainability  of  military  equipment  [40:19]. 


The  continued  incorporation  of  advanced  and  highly 
complex  technologies  in  aircraft  systems  has  resulted  in 
growth  in  the  number  of  Air  Force  specialities  (AFSs) 
required  to  keep  the  hardware  operable.  The  complexity  and 
diversity  of  the  maini.-  .  >  v?  workforce  specialty  structure 

has  made  the  maintenance  organization  very  manpower  inten¬ 
sive.  In  the  oast,  this  manpower  intensive,  highly  special 
ized  maintenance  organization  was  tolerable  because  of  the 
abundance  of  low  cost  manpower;  operations  from  large,  fixe 
industrialized  main  operating  bases;  and  importance  of 
massed  force  over  force  mobility. 

Those  things  which  permitted  and  encouraged  a  manpower 
intensive  maintenance  organization  are  changing.  Manpower 
costs  are  increasing  and  so  is  competition  among  the 
Services  for  a  dwindling  manpower  pool.  The  Air  Force  is 
also  changing  the  way  it  plans  to  fight.  No  longer  will  it 
operate  from  large,  vulnerable,  fixed  main  operating  bases. 
In  the  future,  it  will  operate  from  a  large  number  of 
dispersed  locations  in  small  self-sufficient  units.  This 
new  strategy  means  maintenance  units  must  be  mobile  and  mor 
flexible  (3:3). 

Effective  operations  under  this  new  strategy  can 
benefit  from  renewed  emphasis  on  equipment  designed  to  be 
supportable  with  two  levels  of  nrr  intenance ,  flightline  and 
depot.  This  means  improving  component  reliability  and 


maintainability  to  reduce  me  i.  n  t  snance  workload  and  increase 


weapon  system  availability.  It  also  means  maxinizing 


"on-equipment"  repair  capability  and  reducing  the  need  for 
deployed  support  equipment  and  "off-equipment"  repair 
f aci li ties . 

The  needed  emphasis  on  supportabi 1 i ty  issues  must  be 
considered  at  the  beginning  of  the  design  process  and  should 
continue  throughout  the  life  cycle  of  the  aircraft  system. 
This  is  crucial  due  to  the  way  the  Air  Force  approaches  the 
design  of  new  aircraft  systems.  Lt  Col  Don  H .  Story,  Chief 
of  u.S.  and  Allied  Assessment  on  the  Air  Force's  Checkmate 
Team,  compared  United  States  and  Soviet  applications  of 
technology  this  way: 

When  we  determine  the  need  for  a  lew  operational 
system,  we  tend  to  design  fron  a  blank  piece  of 
paper.  The  Soviet  approach  is  more  likely  to  take 
what  has  worked  in  the  past  and  deliberately  adapt 
or  combine  it  with  something  else  to  meet  their 
requirements.  Because  they  avoid  state-of-the-art 
technology,  R& M  are  inherent  in  their  systems. 

Because  we  design  to  state-of-the-art,  we  have  to 
focus  specifically  on  R&M  [18:14]. 

Marconi  Von  Spangenburg  noted  another  difficulty  with 
the  Air  Force's  currant  design  approach.  Bis  view  is  that 
Air  Force  aircraft  design  suffers  from  the  traditional 
approach  of  treating  development  of  the  har dware — the 
airframe,  engine,  and  avionics--as  separate  issues  under 
separate  management.  Only  at  the  end  of  the  development 


cycle  is  an  attempt  made  to  put  them  all  together  as  a 
system.  This  approach  negatively  impacts  both  performance 


and  supportabi 1 l ty .  Diagnostics,  fault  detection,  and  fault 


isolation  are  areas  of  supportabi 1 i ty  particularly  impacted 


by  this  independent  approach  to  design.  It  is  the  interac¬ 


tion  between  subsystems  which  can  be  a  maintenance  night¬ 


mare.  When  a  problem  occurs,  it  has  to  be  determined  from 


individual  subsystem  diagnostic  codes  wherein  the  fault 


resides.  In  many  cases  it  is  not  an  individual  subsystem 


that  is  at  fault  but  its  interface  with  other  subsvstems  and 


the  airframe.  In  the  design  process,  emphasis  must  be 


balanced  from  the  outset  between  what  is  demanded  of  the 


aircraft  system's  operational  capabilities  and  of  the  combat 


support  system  (54:64). 


Summary 


A  lack  of  supportabi 1 ity  features  in  aircraft  systems 


impacts  maintenance  personnel  on  the  flightline;  operations 


officers  in  the  battlefield;  supply  personnel;  budget 


personnel;  and  the  list  goes  on.  By  using  aircraft  systems 


designed  with  state-of-the-art  technology,  the  ^ir  Force 


taking  the  risk  of  developing  complex  aircraft  without 


needed  supportabi L ity  features.  It  is  imperative  that 


system  program  managers  recognize  these  risks  and  use  avail¬ 


able  resources  to  overcome  them. 


There  is  great  potential  in  terms  of  cost  savings, 


increased  service  life,  and  quantitative  advantages  to  be 


realized  from  aircraft  systems  if  technology  and  contracting 


strategies  are  used  to  enhance  the  role  of  suppor tabi 1 l ty . 
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I I .  Methodology 


Research  Plan 

A  literature  review  and  unstructured  interviews  of  Air 
Force  personnel  were  the  means  by  which  information  was 
acquired  to  answer  the  investigative  questions.  The  unstruc 
tured  interview  was  used  to  promote  a  free-flowing  exchange 
of  thoughts  and  ideas.  Questions  asked  in  each  interview 
were  tailored  for  the  particular  technology  area  being 
reviewed.  Ques tionnai res  did  not  allow  for  the  variety  of 
questions  asked  and  would  have  required  folLow-up  questions 
on  an  additional  questionnaire.  Follow-up  questions  could 
be  asked  during  the  initial  interview.  Also,  questionnaires 
did  not  allow  for  elaboration  of  a  subject  area  as  well  as 
an  interview  (2:211-12). 

Steps  for  Investigative  Question  One 

Reports,  theses,  and  journal  articles  written  on  Air 
Force  acquisition  practices  were  reviewed.  This  information 
was  used  to  develop  initial  questions  to  be  asked  of  person¬ 
nel  interviewed  from:  the  Air  Force  Wright  Aeronautical 
Laboratories  ( AFWAL ) ;  the  Integrated  Logistics  Technologies 
Office  (ILTO);  and  the  Air  Force  Coordinating  Office  for 
Logistics  Research  (AFCOLR) .  From  these  sources,  it  was 
determined  if  existing  acquisition  strategies  must  be  ex3r- 


cised  more  fully  by  system  program  managers  to  encourage 
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emphasis  on  suppor tabi l i ty  in  their  airoraft  system 
programs.  If  deficiencies  in  acquisition  strategies 
existed,  these  were  identified  along  with  possible  correc¬ 
tive  actions. 

Steps  for  Investigative  Question  Two 

A  review  of  technical  journals,  magazine  articles,  and 
reports  was  conducted  to  provide  tne  interviewer  with  a  back¬ 
ground  of  information  on  new  technologies  being  developed 
for  future  use  in  Air  Force  aircraft  systems.  This  oack- 
ground  information  was  used  to  develop  initial  questions  to 
be  asked  of  personal  interviewed  from:  the  four  Air  Force 
Wright  Aeronautical  Labratories  (AFWAL);  the  Integrated 
Logistics  Technologies  Office  (ILTO);  and  the  Air  Force  Coor¬ 
dinating  Office  for  Logistics  Research  ( AFCOLR ) . 

Interview  Sample 

To  explain  why  personnel  of  particular  organiz ations 
were  interviewed,  it  is  necessary  to  describe  their  organiza¬ 
tions'  missions  and  interrelationship  with  each  one  another. 

The  AFCOLR  annually  publishes  the  Air  Force  Logistics 
Research  and  Studies  Program  document.  This  document 
contains  current  or  projected  operated  and  support  defi¬ 
ciencies  of  Air  Force  weapon  systems  as  identified  by  Major 
Air  Commands. 

The  Logistics  Research  and  Studies  Program  document  is 
used  by  Air  Force  System  Command  (AFSC)  to  establish 


research  and  development  programs  wnich  address  the  opera¬ 
tion  and  support  de f  ic ienc ies .  Offices  assigned  under  AF3C 
managing  programs  specifically  addressing  the  logistics 
needs,  are  located  within  the  AFWAL.  AFWAL  is  composed  of 
four  individual  laboratories  (materials,  avionics,  propul¬ 
sion,  and  flight  dynamics)  venose  mission  it  is  to  provide 
the  technology  needed  for  future  Air  Force  systems  and  to 
assist  the  Product  Divisions  of  the  AFSC  in  acquiring  riiv 
systems  and  resolving  development *1  problems. 

Another  organization  within  the  AFWAL  is  the  ILTO.  Th 
ILTO  is  the  Air  Force  advocacy  center  for  logistics  tecnnol 
ogy  in  tne  laboratories  and  is  responsible  for  logistics 
technology  transfer. 

AFCOLR,  AFWAL,  and  ILTO  are  all  located  at  Wrignt- 
Patterson  AFB .  This  allowed  for  personal  interviews  of 
project  engineers  chosen  by  a  senior  official  within  each 
organization.  The  project  engineers  were  chosen  for  t.ieir 
expertise  and  knowledge  of  particular  technologies. 

Personal  interviews  were  preferred  oecause  they  could  oe 
longer  than  telephone  interviews.  Sac.n  iiter/iew  ii  sous  ■»  e  i 
a  number  of  different  technologies  requiring  consid er aoly 
more  time  to  develop  an  understanding  of  the  oojectives  wl 
applications  of  each  than  would  have  been  practical  in  a 
telephone  interview. 

The  project  engineers  were  ask  e  i  ju  est  ions  in  the  i  r 
area  of  expertise:  airframe  structures;  avionics;  flijnt 


controls;  materials;  and  power  systems.  The  ai n  was  not  to 
interview  a  defined  number  of  people  to  have  a  valid  statis 
tical  sample,  but  rather  to  interview  people  with  the  knowl 
edge  of  their  organization's  specific  programs  addressing 
suppor tabi 1 i ty  issues  or  programs  which  should  address  thes 
issues . 

Information  Processed 

Information  gained  from  tne  interviews  included:  now 

the  research  was  addressing  suppor tabi 1 i ty  issues;  objectiv 
and  scope  of  the  programs;  applications  for  tne  new  technol 
ogy ;  timeframe  when  the  technology  would  available  for  use 
in  operational  aircraft;  how  suppor tabi 1 i ty  was  defined  and 
measured;  and  the  level  of  emphasis  suppor tab i 1 i ty  was 
receiving  in  the  program.  Areas  of  aircraft  systems  which 
lacked  supoortabi 1 ity  research  were  identified. 


I L I .  Presentation  of  Results 


Research  Questions 

Question  One.  What  contracting  strategies  exist  or 
should  be  implemented  which  would  give  equal  consideration 
to  supoortabi 1 i ty ,  cost,  schedule,  and  performance  in  the 
acquisition  process? 

Results.  This  research  investigated  four  acquisition 
strategies  which  could  be  implemented  by  acquisition  progra 
management  to  increase  the  level  of  emphasis  placed  on 
supoortabi 1 i ty  in  aircraft  system  design:  (1)  competition, 

(2)  quantified  supoor tabi 1 i ty  tradeoffs,  (3)  military  speci 
fications,  and  (4)  standardized  terminology. 

Competition .  Cost  alone  should  not  be  the  objective 
of  competition.  Competition  should  also  be  used  to  increas 
attention  to  other  aspects  of  the  aircraft  system. 

Panelists  at  an  Aerospace  Education  Foundations  Roundtable 
held  in  1986  concluded  that  such  things  as  reliability  an  i 
maintainability  are  other  aspects  of  aircraft  systems  that 
must  be  competed  (9:53).  Technical  innovation,  reliability 
produc ibi 1 i ty ,  maintainability,  and  life  cycle  costs  all 
enter  into  the  definition  of  competition.  All  of  these 
factors  must  be  weighed  in  the  balance,  particularly  in 
modern  aircraft  systems  which  are  usually  on  the  cutting 
edge  of  advanced  technology  (24:22). 


In  a  1974  study  tie  effect  of  competition  on  cost  of 
aircraft  replenishment  spares  was  investigated.  The  study 
concluded  that  the  net  savings  from  changing  from  sole- 
source  to  competitive  procurements  was  a  function  of  the  sum 
of  saving  realized  in  procurement  dollars,  procurement  data 
costs,  administrative  costs,  quality  costs,  and  reliability 
costs.  Net  savings  as  a  percentage  ranged  from  10.85  to 
17.5  depending  on  the  quantity  purchased.  The  upper  value 
of  17.5  percent  was  associated  with  larger  quantity 
purchases  (11:82) . 

For  the  acquisition  program  manager,  acquisition  stream¬ 
lining  offers  the  potential  benefits  of  increasing  competi¬ 
tion  by  removing  detailed  (how-to)  specifications  and 
standards  before  development  of  the  design.  In  the  past, 
contract  awaris  have  been  based  on  who  demonstrated  the  most 
knowledge  of  an j  compliance  with  these  specifications  and 
standards  without  necessarily  demonstrating  the  best  design 
proposal.  The  multitude  of  spec i f ica t ions  and  standards 
inhibit  the  tradeoffs  necessary  to  achieve  ovarall  system 
objectives  ( such  as  affordability,  oroducibi l ity,  and 
supoortabi 1 ity )  and  contribute  to  suboptimum  design  and 
unnecessary  acquisition  costs  (48:16). 

Streamlining  is  a  new  approach  in  which  the  definition 
of  detailed  technical  requirements  is  considered  an  it  fegrul 
part  of  the  design  and  development  process.  In  the  past, 
these  definitions  were  made  in  the  proposal  phase  when  there 


was  a  lacx  of  knowledge  on  the  specifics  of  tne  design. 

Under  the  streamlining  approach,  definition  of  technical 
requirements  is  most  properly  treated  as  an  element  of 
contract  performance  rather  than  an  element  of  contract 
definition  (49:5).  Policy  guidance  on  acquisition  stream¬ 
lining  is  contained  in  DOD  Directives  5000.43  and  4120.21 
and  DOD  Handbook  2438. 

Quantified  Supportabi 1 i ty  Tradeoffs.  A  problem  faced 
by  the  Air  Force  and  industry  is  how  to  maximize  operational 
readiness  and  minimize  logistics  support  costs.  This  is 
difficult  to  do  because  the  supportabi 1 i ty  characteristics 
of  each  aircraft  system/subsystem  affecting  readiness  are 
uncertain  (45:33).  Logistics  Assessment  Methodology  Proto¬ 
type  (LAMP),  and  simulation  models,  are  available  for  use  by 
the  3PO  and  the  contractors  to  reduce  the  uncertainties  in 
guantifying  supportabi 1 ity  requirements. 

LAMP  is  a  computer  based  methodology  to  qual i tati vely 
evaluate  specific  technology  applications  and  quantitatively 
evaluate  its  supportabi 1 ity  characteristics.  The  goal  of 
LAMP  is  to  influence  design  so  the  operational  objectives  of 
the  weapon  system  may  be  achieved  while  optimizing  the  use 
of  constrained  supportabi 1 i ty  resources  such  as  manpower, 
support  equipment,  and  cost.  The  Logistics  Assessment  Work 
Station  (LAWS)  provides  the  capability  for  acquisition  logis¬ 
ticians  and  other  decision  makers  to  query  LAMPS  for  concise 


answers 


to  their  many  design  and  supportabi 1 i ty  questions. 


Accessing  information  from  LAMPs  through  LAWS,  users  nay  now? 
quickly  modify  design  character istics ,  adjust  operational 


requirements,  compare  design  alternatives,  and  generate 
tradeoffs  and  sensitivities  to  reflect  equal  consideration 
of  supportability,  cost,  schedule,  and  performance  (15:8). 

The  successful  application  of  LAMP/LAWS  depends  on  its 
integrated  use  by  the  SPO,  contractors,  and  the  integrated 
logistics  systems  (ILS)  management  team.  The  ILS  team  is  a 
group  within  the  SPO  manned  by  acquisition  logisticians 
concerned  with  support  optimization.  LAMP  needs  to  be  made 
a  contractual  requirement  to  be  used  by  all  agencies 
involved  in  the  design  and  acquisition  of  new  weapon  systems 
(46)  . 

The  qualitative  portion  of  the  LAMP  methodology  will 
indicate  if  it  is  cost  effective  to  pursue  the  analysis  and 
proceed  with  the  quantitative  evaluation.  If  the  qualita¬ 
tive  evaluation  indicates  application  of  LAMP  methodology  is 
not  cost  effective,  an  alternative  would  be  to  use  simula¬ 
tion  models.  Simulation  models  would  not  provide  as 
thorough  an  analysis  as  LAMP.  However,  simulation  models 
can  be  developed  inexpensively  (relative  to  LAMPS)  to 
provide  results  quickly  and  accurately. 

Simulation  models  can  be  used  to  quantitatively  relate 
the  relationship  between  supportability  for  aircraft 
components.  This  can  be  done  without  actually  having  to 
deal  with  the  real  world  of  changing  hardware  reliability 
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and  noting  its  impact  on  maintenance  and  other  supoorta'oil- 
ity  resources.  For  example,  it  is  assumed  by  increasing 
component  reliability,  maintenance  workload  is  decreased. 
Workload  includes  any  activity  associated  with  equipment 
repair  such  as:  (1)  actual  equipment  repair  time,  (2)  docu¬ 
mentation  of  repair  work,  (3)  locating  and  ordering  spare 
parts,  (4)  support  equipment  set-up,  and  (5)  preparing  not- 
reparable-this-stat ion  components  for  shipment.  This  rela¬ 
tionship  between  reliability  and  maintenance  workload  is 
oased  on  common  sense.  However,  quantifying  the  required 
reliability  improvement  for  a  desired  decrease  in  mainte¬ 
nance  workload  requires  more  than  just  common  sense.  It 
requires  knowledge  of  the  support  processes.  It  requires  a 
relationship  be  defined  between  each  of  the  suppor tabi 1 i ty 
resources.  This  is  necessary  to  quantify  gains  and  losses 
between  resources  as  changes  are  made  in  the  support 
structure . 

A  literature  search  indicated  simulation  has  been  used 
as  a  means  of  quantifying  these  gains  and  losses.  McDonnell 
Aircraft  Company  was  faced  with  a  problem  of  how  to  maximize 
operational  readiness  and  minimize  logistics  support  costs 
on  the  F/A-18.  The  solution  they  formulated  involved  using 
computer  simulation  models  to  predict  potential  support  and 
formulate  simulation  models  to  predict  potential  support 
deficiencies,  identify  spares  cost-reduct  ion  opportunities, 
and  formulate  corrective  actions  to  achieve  readiness  goals 
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at  the  least  cost.  Model  analyses  provided  infornation  to 
the  company's  managers  o£  each  logistic  element  enabling 
them  to  take  steps  to  head  off  predicted  support  deficien¬ 
cies  (45:33-40). 

An  Air  Force  Institute  of  Technology  thesis  (31)  inves¬ 
tigated  the  impact  of  an  effective  R&M  program  on  mission 
capable  rates,  sortie  rates,  and  maintenance  manpower 
requirements  of  Air  Force  weapon  systems.  It  used  a  simula¬ 
tion  model  to  quantify  the  effects  that  improved  system  R&M 
had  on  these  other  factors. 

Simulation  modeling  could  be  made  a  contractual  require 
ment  as  a  means  by  which  SPO  management  could  require  its 
contractors  to  quantify  supoor tabi 1 i ty  tradeoffs.  The  deci¬ 
sion  to  use  simulation  must  be  based  on  validation  of  tne 
model.  Also,  the  decision  must  be  based  on  the  model's 
applicability  to  the  elements  of  interest. 

Military  Specifications  for  Supportability .  ASD  has 
developed  the  Avionics/Electronics  Integrity  Program  (AVIP) 
to  enhance  the  combat  capability  and  operational  suitability 
of  weapon  systems.  This  is  achieved  by  improving  either  tne 
reliability,  or  the  ease  and  effectiveness  of  maintenance, 
or  both,  for  the  avionics/electronic  equipment  portions  of 
the  weapon  system.  AVIP  is  a  means  for  avionics  to  meet  the 
goals  of  R&M  2000. 

Avionics  are  the  only  systems  on  aircraft  in  the  Air 
Force  inventory  that  are  maintained  with  only  corrective 
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maintenance .  All  other  systems  are  maintained  with  both 
corrective  and  preventive  maintenance.  AVIP  will  require 
that  a  trade  study  be  conducted  to  determine  the  cost  effec¬ 
tiveness  of  performing  corrective  and  preventive  maintenance 
on  the  avionics.  The  decision  will  reflect  what  is  most 
cost  effective  from  the  R&M  2000  perspective.  The  avionics 
will  be  maintained  with  corrective  and/or  preventive  mainte¬ 
nance  based  on  the  results  of  the  trade  studies  (21). 

The  AVIP  has  changed  the  focus  of  reliability  from  "io 
is  reliable  when  it  does  not  break"  to  statistical  descrip¬ 
tions  of  "allowable"  in-service  failures.  The  application 
of  AVIP  to  future  aircraft  system  acquisitions  would  require 
a  commitment  from  the  contractor  for  "Failure  free"  opera¬ 
tions  of  the  avionics  for  a  specified  time. 

AVIP  evolved  from  other  integrity  programs  for  engines, 
Engine  Structural  Integrity  Program  (ENSIP),  and  for 


airframes.  Aircraft  Structural  Integrity  Program  (ASIP). 
These  three  programs  have  produced  military  standards: 

MIL  STD  1769  Avionics/Electronics  Integrity 
Program  (AVIP)  Requirements 

MIL  STD  1783  Engine  Structural  Integrity  Program 
( ENS [ P )  Requirements 

MIL  STD  1530A  Aircraft  Structural  Integrity 
Program  (ASIP)  Requirements 

Future  miLitary  standards  will  be  published  for  software, 
mechanical  subsystems,  and  integrated  diagnostics.  As 
acquisition  management  tools,  AVIP,  ENSIP,  ASIP  will  oe 
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implemented  through  application  of  these  military  standards 
The  military  standards  will  be  required  using  acquisition 
streamlined  procedures. 

Standardized  R&M  Requirements.  Several  military 
standards  and  handbooks  (for  example,  AFR  800-18,  DOD  Direc 
tive  5000.40,  MIL  HNBK  217D)  have  been  published  to  provide 
guidance  to  the  Air  Force  and  its  contractors  on  particular 
R&M  tasks  and  requirements.  But,  none  of  the  documents 
state  what  measurements  are  to  be  taken  to  be  used  to  calcu 
late  the  R&M  parameters  stated  as  requirements.  Without 
specific  guidance  to  provide  technical  understanding  of  R&M 
requirements  and  demonstrate  the  calculation  of  R&M  para¬ 
meters,  contractors  have  not  been  responsive  to  the  R&M 
requirements  established  in  the  statement  of  work  (SOW)  of 
the  request  for  proposal  (RFP )  (23:39). 

The  lack  of  guidance  in  the  R&M  arena  is  a  problem 
during  source  selection  and,  also,  throughout  the  life  cycl< 
of  the  weapon  system.  For  instance,  to  apply  LAMP  methodol¬ 
ogy  to  a  particular  aircraft  system,  R&M  requirements  must 
be  defined  to  serve  as  "design  to"  objectives.  If  these 
requirements  are  not  defined  to  mean  the  same  thing  to  the 
contractor  and  the  various  Air  Force  agencies  involved  in 
the  design  of  the  aircraft  system,  optimum  tradeoffs  betwee; 
suppor tabi 1 i ty  and  cost,  schedile,  or  performance  will  be 
compromised . 


On  September  24,  1985,  tne  Deputy  Secretary  of  Defense 
signed  a  policy  memoradum  that  commits  DOD  to  the  objective 
of  transitioning  from  current  paper-intensive  design  and 
logistic  processes  to  a  largely  automated  and  integrated 
mode  of  operation  for  weapon  systems  entering  production  in 
the  1990's.  The  Computer  Aided  Logistic  Support  (CALS) 
Program  was  established  to  integrate  and  manage  logistic 
automation  efforts  toward  this  objective. 

CALS  program  will  result  in  a  DOD  and  industry-wide 
design  tool  and  information  system  for  logistics  data.  CALS 
will  be  maintained  and  applied  to  all  weapon  systems  through 
out  their  life  cycle.  Implementation  of  the  concept  of  the 
CALS  program  in  conjunction  with  AVIP,  SNSIP,  and  A3IP 
requirements  could  provide  the  3P0  with  the  acquisition 
strategies  needed  to  eliminate  ambiguity  and  misunder¬ 
standings  in  the  interpretation  of  R&M  requirements  (7). 

The  oojectives  of  CALS  are  to  improve:  logistics  tech¬ 
nical  information  by  applying  and  integrating  data  automa¬ 
tion  techniques  and  standards;  accuracy,  timeliness,  and 
utility  of  logistics  technical  information;  ability  of  indus 
try  to  produce  weapon  systems  using  computer  aided  technol¬ 
ogies;  and  operational  weapon  system  support.  With  both  DOD 
and  industry  using  the  same  logistics  data  base,  and  with 
logistics  information  stored  and  communicated  via  the 
computer,  consistent  terminology  and  definitions  should 


result. 


CALS  will  encompass  many  activities  of  various  contrac¬ 
tors  and  DOD  agencies.  For  example,  the  Air  Force  has 
established  a  management  integration  office  (MIO)  at  HQ 
AFSC/PLX  to  integrate  the  technical  and  programmatic  activi¬ 
ties  of  ongoing  CALS  developments,  initiate  additional 
efforts  where  needed,  and  arrange  for  the  introduction  of 
new  information  systems  into  weapon  system  programs.  The 
Air  Force  Human  Resources  Laboratory  at  Wr igh t-Patter son  AFB 
is  responsible  for  the  development  of  a  computer  software 
architecture  for  integrating  logistics  data  bases  into  a 
distributed  network  of  information.  Completion  of  the  many 
CALS  initiatives  and  integration  efforts  will  be  concluded 
by  1995. 

Question  Two.  What  current  or  new  technologies  will 
make  future  aircraft  systems  more  supportable  without  sacri¬ 
ficing  cost,  schedule,  and  performance? 

Results .  This  research  investigated  eleven  advanced 
technologies  which  could  be  retrofitted  on  existing  aircraft 
systems  or  included  in  the  design  of  future  aircraft  systems 
to  improve  aircraft  system  supper  tab i 1 i tv : 

1.  VHSIC 

2.  PAVE  PACE 

3.  Self-repairing  flight  controls 

4.  Fault-tolerant  power  systems 

5.  Ultra  reliable  radar 

6.  Software 

7.  Advanced  structures 

8.  Transparencies 

9.  Landing  gear 

10.  Cockpit  displays 

11 .  Engi nes 
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rha  selection  of  technologies  in  this  thesis  was  based 
on  a  qualitative  evaluation  of  the  potential  contribution  of 
each  technology  to  eliminate  the  problem  areas  and  deficien¬ 
cies  identified  by  the  High  Reliability  Fighter  Study,  Air 
Force  R&M  2000  goals,  logistics  needs,  Air  Force  Systems 
Command,  HQ  USAF,  and  Air  Force  Logistics  Command.  These 
problem  areas  and  deficiencies  were  identified  in  the 
following  discussion  of  each  of  the  technologies.  These 
technologies  were  also  selected  to  cover  major  systems  on 
the  aircraft.  This  was  done  to  demonstrate  the  extant  to 
which  supportabi 1 i ty  of  aircraft  systems  can  be  improved  by 
the  appropriate  application  of  advanced  technologies. 

The  application  of  technologies  selected  had  to  result 
in  at  least  one  of  the  following:  increased  reliability, 
decreased  need  for  support  requirements  (i.e.,  maintenance 
manpower,  support  equipment,  etc.),  or  decreased  maintenance 
repair  time. 


We're  on  the  threshold  of  something  marvelous  in 
aviation.  The  era  of  the  starfignter  is  upon  us. 
I'm  not  talking  about  technologies  of  the  year 
2100.  I'm  talking  about  technologies  that  are 
with  us  right  now  [4:43]. 


The  following  is  a  review  of  these  selected  technologies  and 
their  supportabi 1 i ty  features. 

VHSIC .  The  defense  postjre  of  the  United  States 
(U.S.)  is  increasingly  based  upon  tne  concept  of  a  military 
force  that  is  technological ly  superior  to  anv  ootential 


adversary.  The  U.S.  uses  technology  wherever  possible  to 
ensure  its  ability  to  defend  against  numerically  greater 
forces.  The  technology  of  the  integrate  circuit  has  become 
the  foundation  of  tne  complex  electronic  systems  that  are 
employed  as  force  multipliers  in  our  Nation's  defense  (53). 

In  the  past,  the  U.S.  was  able  to  maintain  a  comfort¬ 
able  lead  in  the  military  applications  of  integrated  cir¬ 
cuits.  However,  by  the  late  1970's  it  became  apparent  that 
our  "comfor table "  lead  had  seriously  eroded.  As  a  result, 
the  ability  of  the  U.S.  to  maintain  a  superior  military 
force  assisted  by  the  earlier  access  to  advanced  electronics 
technology  was  in  question. 

One  of  the  major  reasons  for  this  erosion  of  capability 
was  that  it  was  taking  longer  and  longer  for  the  DOD  to  move 
high  performance  integrated  circuits  (ICs)  from  the  develop¬ 
ment  phase  into  military  system  appl ications .  As  a  result, 
military  weapon  systems  were  becoming  technological ly 
obsolete  before  their  useful  life  had  been  expended.  This 
jeopardized  the  security  of  the  U.S.  and  resulted  in  signer 
defense  costs. 

In  1978,  DOD  initiated  VHSIC  (very  sign  speed  inte¬ 
grated  circuit)  as  a  tri-service  program.  The  goal  of  the 
VHSIC  program  is  to  drastically  reduce  the  delay  experienced 
by  the  DOD  in  getting  advanced,  state-of-the-art  ICs  into 
military  usage.  The  VHSEC  program  has  been  structured  to  io 
this  within  two  IC  generations. 


The  first  generation  of  ECs  was  completed  in  1985  wit.n 
their  insertion  into  an  operational  weapon  system,  the 
AN/ALQ-131  electronic  warfare  system.  This  generation  of 
ICs  operate  at  clock  speeds  of  25  MHz  and  have  an  average  of 
20,000  logic  gates  per  chip.  The  dimensions  of  the  ICs  are 
no  larger  than  1.25  microns. 

Development  efforts  on  the  second  generation  of  ICs 
oegan  in  1984  and  are  scheduled  for  completion  in  1988.  The 
second  generation  of  ICs  must  meet  the  following  specifica¬ 
tions:  operate  at  100  MHz;  contain  from  75,000  to  5  million 

logic  gates;  size  of  .5  microns;  and  failure  rate  of  .006 
percent/1000  hours. 

VHSIC  enhances  not  only  system  effectiveness  but  also 
system  suppor tabi 1 i ty .  VHSIC  improves  reliability  through 
part  count  reduction  by  requiring  fewer  boards  to  perform  a 
function.  Also,  VHSIC  reduces  the  number  of  interconnec¬ 
tions  with  larger,  more  densely  packed  ICs.  (To  a  first 
approximation  reliability  is  inversely  proportional  to  the 
number  of  interconnects  in  a  system.)  Maintainability  is 
improved  through  the  use  of  built-in  test  on  the  ICs.  Ten 
to  30  percent  of  IC  logic  is  devoted  to  diagnostics.  With 
better  built-in  test  capabilities  offered  by  VHSIC, 
requirements  for  test  equipment  are  reduced. 

Reduction  in  the  size  of  systems  incorporating  VHSIC 
reduces  power  requirements.  Programmability  of  the  system 
is  easier  with  VHSIC  Decause  more  circuitry  is  available  for 
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Logic  and  memory.  This  means  that  missions  can  be  modified 
by  software  program  changes,  rather  than  replacing  hard 
wired  equipment.  Modifying  software  programs  can  be  done 
more  easily  and  at  lower  cost  than  replacing  hard  wired 
equipment . 

As  part  of  the  overall  VHSIC  effort,  the  VHSIC  nardware 
description  language  (VHDL)  program  was  initiated  to  estab¬ 
lish  an  industrial  standard  for  the  documentation  of  the 
VHSIC  process  and  products.  VHDL  will  define  chip  perfor¬ 
mance  as  required  by  the  military.  This  will  allow  a 
contractor  to  design  new  ICs  and  use  different  technologies 
to  build  them  but  IC  performance  must  follow  requirements  of 
VHDL.  VHDL  can  be  given  to  any  contractor  to  build  an  IC. 
The  existence  and  application  of  VHDL  eliminates  the  problem 
of  sole  source  procurements  and  not  being  able  to  procure 
spar  as  ( 50  ;  58 )  . 

PAVE  PACE.  The  AFWAL  Avionics  Laboratory  has 
been  working  since  the  1970's  to  improve  the  supportabi 1 ity 
of  aircraft  avionic  systems.  Their  first  program,  digital 
avionics  information  system  (DAIS),  eliminated  57  different 
data  processors  from  the  Air  Force  inventory  with  the 
development  of  a  common  data  processor.  Common  data  proces¬ 
sors  are  now  used  to  perform  the  functions  of  the  previous 
57  different  data  processors.  The  common  data  or  lessor 
stooped  the  proliferation  of  instruction  sets  and  support 
software  that  had  been  needed  for  each  different  data 
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processor.  With  the  common  data  processor,  one  set  of 
support  software  is  used  to  develop  the  operational  flight 
program  software.  Also,  only  one  instruction  set,  defined 
in  MIL  STD  17 50 A,  directs  how  data  is  to  manipulated  and 
stored  by  the  common  data  processor. 

The  PAVE  PILLAR  program  was  a  fallout  of  the  DAIS 
program.  PAVE  PILLAR  was  developed  to  support  aircraft 
operations  from  deployed  locations  with  a  minimum  of 
support.  PAVE  PILLAR  developed  line  replaceable  modules 
(LRMs)  in  avionic  hardware  to  support  a  two-level  mainte¬ 
nance  concept  (flightline  and  depot).  Under  the  PAVE  PILLAR 
program,  the  common  signal  processor  was  developed  with  me 
same  advantages  as  the  common  data  processor. 

The  thrust  of  the  DAIS  and  PAVE  PILLAR  programs  was  to 
develop  standards  which  all  new  avionics  systems  have  to 
meet.  This  means  that  as  technology  advances  and  new 
avionics  designs  result,  these  designs  can  be  easily  inte¬ 
grated  into  existing  avionics  architecture  with  minimal 
changes  or  disruption  to  system  operation  and  support. 

DAIS  and  PAVE  PILLAR  addressed  scan  iar  li z at  ion  and 
modularity  of  avionic  systems.  The  next  step  was  to  address 
reliability  and  fault-tolerance. 

The  PAVE  PACE  program  is  being  initiated  to  take  advan¬ 
tage  of  new  technology  to  improve  the  performance  and 
suppor tab i 1 i ty  of  future  avionics.  Only  the  supoor tabi 1 i tv 
aspects  of  this  program  will  be  discussed  further. 
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Two  of  toe  goals  of  tne  PWE  PACK  program  are  tne 
improve  the  reliability  and  fault-tolerance  of  the  avionic 
systems.  Advanced  technologies  will  be  evaluated  for  their 
contribution  to  meeting  these  goals. 

PAVE  PACE  will  consider  the  effects  of  the  following 
environmental  factors  on  avionics  reliability: 

1.  Vibration — it  can  cause  connector  problems. 

2.  Temperature  cycling--it  can  destroy  chips. 

3.  Dirt/sand  contamination--it  can  impact  cue  perfect 
fit  of  modules  in  an  avionics  box.  If  modules  mate 
improperly,  extreme  heat  can  be  generated  or  pins  can  be 
broken . 

4.  Electromagnetic  impulse  (  S.MI  )  /1  i  gh  t.n  i  ng-- i  t  can 
disrupt/destroy  electrical  signals  and  equipment. 

5.  Maintenance  handling — it  can  cause  breaks  in 
electrical  connections. 

It  is  these  factors  which  PAVE  PACE  will  attempt  ta 
overcome  or  eliminate  with  the  application  of  advance! 
technologies .  For  example,  electrical  communication  tnrougn 
metal  could  oe  replaced  with  optical  .communication  tnrouii 
material  other  than  netal  to  overcome  tne  effects  of  SMI 
lightning.  Wire-to-wire  connections  between  circuit  chips 
could  be  eliminated  with  photol i tnograoiiy  techniques  to 
overcome  vibration  problems.  Circuit  chips  could  be  -1 ued 
down  instead  of  bonding  chips  with  metal  wire  to  the  printed 
wiring  board.  This  could  overcome  nore  vibration  problems. 


A  fault- tolerance  schema  ^ill  be  investigated  to 


nonitor  the  health  of  all  circuit  chips.  Certain  chips 
would  be  designated  to  detact  the  failure  of  the  ramaining 
chips  and  to  switch  chips  on  and  off  as  needed.  This  is  an 
idea  that  is  being  conceptual i zed  to  allow  for  deferred  main 
tanance  without  loss  of  operational  effectiveness. 

.Self-Repairing  Flight  Controls.  The  F-15  and 
F- 1 6  flight  control  systems  (FCS)  ara  char acter ized  by:  (1' 

many  failures,  an  average  of  one  every  35  hours,  (2)  complex 
actuators  that  naka  up  50  percent  of  the  life  cycle  cost  of 
the  FCS,  and  (3)  difficult  nainter.ance,  an  average  of  3.3 
hours  to  diagnose  problems.  Reported  failures  on  the  F-15 
and  F-16  FCS  result  in  maintenance  personnel  not  being  able 
to  duplicate  failures  on  31  percent  of  the  maintenance 
actions.  Another  34  percent  of  the  maintenance  actions  are 
removals  of  serviceable  items;  components  which  check  out 
okay  in  the  shop.  The  true  FCS  failures,  at  best,  result  in 
mission  aborts.  One-half  of  the  F-15  and  F-16  mission 
aborts  are  due  to  the  FCS.  The  next  generation  of  aircraft 
such  as  t.ne  Advanced  Tactical  Fighter  ( ATF )  could  nave  a 
self-repairing  flight  control  system  (SRFCS)  to  overcome  the 
problems  associated  with  current  FCS. 

A  self-repairing  flight  control  system  refers  to  a 
flight  control  system  ‘•hat  can  tolerate  failures.  Loss  of 
the  aircraft  can  be  avoided  by  activating  other  control 
surfaces  to  perform  in  unconventional  configurations  thereoy 


compensating  for  tne  f e  i  1  ad  component  of  the  flight  control 
system. 

The  AFWAL  Flight  Dynamics  Laboratory  is  responsible  for 
the  development  of  the  SRFCS.  The  SRFCS  will  include  all 
control  surfaces,  on  an  as  needed  basis,  to  complete  the 
pitch,  roll,  and  yaw  motions  of  the  aircraft.  An  on-boari 
computer  will  be  used  to  provide  a  real-time  reconfiguration 
of  control  surfaces  as  failures  occu *  or  battle  damage  is 
sustained  by  any  part  of  the  FCS. 

Control  surfaces  can  often  function  in  more  than  one 
capacity.  Real-time  computerized  reconfiguration  will  take 
advantage  of  this  capability  and  provide  aerodynamic  redun¬ 
dancy  for  the  aircraft.  This  redundancy  of  control  surfaces 
eliminates  the  need  for  redundancy  of  servo-electronics  in 
the  actuators  driving  the  control  surfaces.  Eliminating  the 
redundant  servo-electronics  not  only  reduces  part  count  but, 
also,  reduces  the  complexity  of  the  actuators. 

Aerodynamic  redundancy  may  be  explained  by  example.  An 
aircraft  sustains  damage  to  its  rudder.  With  the  SRFCS,  the 
computer  senses  the  degraded  capability  of  the  rudder.  When 
the  pilot  indicates  a  turn  to  the  right  is  to  be  made,  the 
computer  decouples  the  roll  function  of  the  trailing  edge 
wing  surfaces.  The  computer  then  signals  the  ailerons  on 
the  right  wine  that  one  aileron  is  to  deflect  up  and  the 
other  down.  (The  other  ailerons  are  left  in  a  standard 
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setting.)  In  this  way,  the  ai Larons  are  used  to  create  the 
yaw  necessary  for  the  turn  the  rudder  is  unable  to  generate. 

The  SRFCS  program  will  oe  completed  in  L994.  Over  the 
next  seven  years  many  issues  will  be  addressed  such  as  devel¬ 
oping  and  demonstrating  aerodynamic  control  laws,  the  strat¬ 
egy  for  fault  detection  and  isolation  of  multiple  failures, 
and  degrees  of  failure  under  various  flight  conditions. 

The  SRFCS  can  be  operated  witn  the  existing  electrical 
hydraulic  system  not  used  or  in  the  future  witn  an  electri¬ 
cal  system.  The  SRFCS  will  be  applied  to  fignter  aircraft 
and  later  transitioned  to  larger  aircraft.  It  will  be 
designed  to  be  maintained  with  only  two  levels  of  mainte¬ 
nance:  flightli.ic  and  depot. 

The  Flight  Dynamics  Laboratory  has  shown  through 
analysis  that  FCS  improvements  on  the  next  generation 
fighter  could  be:  increased  MTBF  to  350  hours;  reduced 
operation  and  support  (O&S)  costs  by  30  percent;  reduce! 
maintenance  manhours  per  flying  hour  ( MMH/FH )  oy  80  percent; 
and  reduced  maintenance  actions  per  faiLure  from  3  to  1.2. 
These  improvements  would  be  realised  with  tne  application  of 
the  SRFCS  using  innovative  technologies  such  as  expert 
systems  for  maintenance  diagnostics  and  reconfiguration 
(43)  . 
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Fault-Tolerant  Power  Systems .  In  ai 
the  year  2000  and  beyond,  anything  previously 
call/  or  hydraulically  will  be  done  electrical 


4  3 


re raft  of 
done  pneumati- 
lv  to  re  luce 


/ 
■ j- 


weight  and  Ufa  cycle  cost.  These  future  electrical  systems 
will  provide  power  to  such  things  as  fuel  pumps,  air  condi¬ 
tioning  systems,  and  computers.  They  will  replace  the 
hydraulic  systems  now  use  for  actuation.  Because  the  major¬ 
ity  of  operations  performed  on t  he  aircraft  will  depend  on 
the  electrical  systems,  these  systems  must  be  fully 
re  liable . 

To  meet  this  challenge,  the  Fault-Tolerant  Electrical 
Power  System  (FTEPS)  program  was  initiated  by  the  AFWAL  Aero 
Propulsion  Laboratory  in  1985.  The  oojective  of  the  program 
is  to  develop  an  electrical  power  general  and  distribution 
system  whicn  will  supply  electrical  power  to  critical 
systems  on  the  aircraft.  It  will  nave  reliability  and  power 
guality  level  commensurate  with  the  requirements  of  flight 
critical,  mission  critical,  and  non-flight  critical  loads. 
Loads  refer  to  those  subsystems  being  supplied  with  power. 

Operation  of  the  FTEPS  will  require  minimal  pilot 
action.  Limited  hardwired  controls  will  be  provided  for 
emergency  override  and  for  maintenance  functions.  No  pilot 
interaction  will  oe  required  during  normal  system  ope  rati  m. 

Primary  system  control  will  come  from  the  power  system 
processor  (PSP).  The  PSP  will  maintain  complete  system 
status  information  and  provide  these  data  for  display  to  tine 
pilot  through  the  ."/ionics.  The  avionics  will  transmit  the 
flight  phase  status,  as  well  as  a  matrix  of  Boolean  expres¬ 
sions,  representing  the  desired  on/off  state  of  each  load  to 


One  PSP. 


The  P3P  will  use  this  information  to  implement  the 


load  control  and  load  management  functions.  The  load  manage 
men t  function  will  ensure  that  maximum  use  is  made  of  the 
existing  system  generating  capacity  by  matching  load  comple¬ 
ment  to  the  capacity  and  flight  phase.  The  PSP  will  calcu¬ 
late  priority  level  according  to  the  generating  capacity  and 
the  flight  phase.  The  priority  level  and  power  requests 
will  be  implemented  (57). 

Faults  in  the  electrical  system  occur  for  a  number  of 
reasons.  Adequate  protection  and  controls  to  prevent  propa¬ 
gation  of  these  faults  within  the  system  will  be  incor¬ 
porated.  Fault  isolation  and  protection  will  be  require!  to 
keep  the  other  normally  operating  electrical  power  channels 
from  being  affected  and  to  provide  system  status  to  the  PSP. 
The  fault  isolation  capability  will  be  available  whenever 
the  power  system  is  operating.  Information  from  fault 
isolation  is  available  to  maintenance  personnel  thus 
simplifying  the  task  of  system  diagnostics  and  reducing  the 
need  for  support  equipment. 

Current  power  systems  use  a  large  number  of  cables  and 
connectors.  The  application  of  the  FTEPS  eliminates  many  of 
these  (for  example,  15.5  miles  of  wire  on  the  A-7D)  by 
replacing  them  with  a  multiplex  data  bus. 

The  advantage  of  redundancy  is  gained  from  switching  or 


reconfiguring  the  power  system  between  subsystems  as  demands 
for  power  change.  This  redundancy  results  in  a  decrease! 
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probability  of  power  failure.  It  is  expected  that  the 
probability  of  power  failure  will  be  100  tines  lass  than  the 
probability  of  load  failure. 

The  majority  of  the  technology  used  in  the  FTEPS 
program  is  currently  in  place.  What  remains  to  be  developed 
outside  of  this  program  is  solid-state  power  controllers 
which  supply  above  10  amps.  What  remains  to  be  done  on  the 
FTEPS  program  is  system  integration  and  writing  the  computer 
software  for  controlling  the  power  system  (55). 

Ultra  Reliable  Radar.  To  successfully  meet  the 
warfighting  requirements  in  the  year  2000  and  beyond,  the 
Air  Force  has  projected  a  need  to  operate  its  fighter 
aircraft  from  widely-dispersed,  austere  bases  where  little 
or  no  maintenance  support  will  be  available.  This  means 
that  internal  systems  must  be  able  to  store  failures  and 
defer  maintenance  as  long  as  possible.  The  radar  system  has 
been  a  high  failure  item  in  current  aircraft  systems  such  as 
the  F-15  whose  radar  had  a  MT3F  as  low  as  40  operational 
hours  in  the  1980's.  The  radar  subsystem  requires  consider¬ 
able  improvements  in  reliability  and  maintainability  if  its 
host  aircraft  is  to  operate  from  remote/austere  bases.  The 
AFWAL  Avionics  Laboratory  is  funding  a  program  to  do  just 
that.  The  Ultra  Reliable  Radar  (URR)  program  is  to  develop 
tne  next  generation  radar  technology  which  will  be  applic¬ 
able  to  the  ATF  and  F-15/F-16/B-1 B  update  programs. 


Increasing  availability  and  lowering  support  costs  ara  two 
main  objectives  of  the  'JRR  program. 

Major  subsystems  of  the  URR  are  the  common  signal 
processor  (C3P),  solid-state  phased  array  antenna  (SSPA), 
and  receivar/stalo  (stable  local  oscillator).  The  C3P  is 
used  by  the  URR  as  a  general  purpose  signal  processor.  The 
processor  is  designed  in  accordance  with  MIL  STD  1750A  to  be 
used  in  electronic  warfare,  communication/navigation,  radar, 
or  electro-op  tic  applications.  The  URR  development  will 
capitalize  upon  the  solid  state  phased  array  technology  and 
very  high  speed  integrated  circuit  (VHSIC)  technology. 

These  and  other  emerging  technologies  will  oe  integrated 
into  a  fault-tolerant  architecture  which  is  capable  of  beinj 
supported  by  two  levels  of  maintenance  (fligntline  and 
depot).  This  is  expected  to  yield  a  radar  whose  reliability 
of  400  hours  MTBF  is  10  times  that  of  today's  F-15  radar. 

Reliability  improvements  will  be  achieved  by  including 
redundant  line  replaceable  modules  ( LRM)  in  the  CSP  and 
receivar/stalo.  The  redundant  LRMs  replace  failed  LRMs 
during  automatic  recon f i jurat  ion .  Reconfiguration  is  the 
same  type  of  strategy  used  in  the  fault-tolerant  power 
system  and  se 1 f- repai r ing  flight  control  system.  Recon figur 
ation  is  controlled  by  integrated  BIT/FIT  (built-in  test/ 
fault- to le ran t  test)  and  reconfiguration  software  in  an 
on-board  computer. 
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Maintainability  improvemen ts  include  deferred 
maintenance  for  enhanced  suppor tabi 1 i ty  at  austere  sites. 
This  is  achieved  through  automatic  reconfiguration  and 
fault-management  software.  Also,  graceful  degradation  is 
designed  into  the  5SPA  to  reduce  maintenance  requirements. 
Up  to  five  percent  of  the  5SPA  modules  can  fail  and  yet 
still  allow  the  3SPA  to  meet  military  specifications. 
BIT./FIT  will  decrease  the  time  it  takes  for  maintenance 
personnel  to  perform  system  diagnostics  and  reduce  the  need 
for  support  equipment.  This  program  is  evaluating  the 
application  of  time  stress  management  devices  for  the 
resolution  of  "retest  ok"  and  "cannot  duplicate"  at  the 
depot  maintenance  level  (37). 

Software .  Typically,  suppor tabi 1 i ty  of  aircraft 
systems  has  been  concerned  with  hardware.  This  is  changing 
as  software  consumes  more  and  more  of  the  DOD  budget  (cur¬ 
rently  10%  and  growing  exponentially).  The  ultra  reliaole 
radar,  sel  f- reoa  i  r  i  n  g  flight  control  system,  and  fault- 
tolerant  power  system  ara  examples  of  increased  usj  o 
software.  Entire  fleets  of  aircraft  ground?  1  far  i  ;->-'t  <m - 
error  require  a  closer  look  be  taken  at  software  sunnor*-. 
bi 1 ity . 

It  has  to  be  >-xoected  that  software  will  o-*  r 
added  to,  and/or  changed  over  the  lifetime  of  t.i-'  nos- 
aircraft.  In  the  1970’s,  as  the  aircraft  mission,  t ir  • i *  , 
or  hardware  changed,  software  was  nodi  fie  I  by  hi  i,i  i  o 
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to  an  entire  software  program.  Even  to  correct  f  :>  r  an 
error,  many  changes  were  required  throughout  the  software 
program.  This  was  costly  and  inefficient.  The  original 
software  and  any  modifications  were  also  poorly  documented 
making  changes  even  more  difficult. 

The  Air  Force  realized  from  its  experiences  in  the 
1970's  that  software  must  be  designed  to  be  supportable. 
Tradeoffs  between  performance  factors  such  as  speed  of 
processing  and  suppor tabi 1 i ty  factors  such  as  modular  coding 
were  a  necessity.  With  modular  code,  an  error  could  be 
corrected  by  a  change  to  a  software  module  rather  than  to 
the  entire  software  program. 

The  Defense  Department  has  an  initiative  to  design  a 
computer  super language  called  Ada.  It  may  be  the  solution 
to  the  software  supportabi 1 i ty  problem  experienced  by  the 
Air  Force  and  other  services.  It  is  expected  to  save  the 
Pentagon  billions  in  software  maintenance  and  software 
inventories.  It  would  replace  as  many  as  400  distinct 
languages  throughout  a  whole  range  of  applications — 
everything  from  automatic  data  processing  (ADP)  zo  internal 
guidance  to  other  embedded  weapon  systems  to  artificial 
intelligence.  It  would  be  machine-independent,  portable, 
and  easy  to  maintain  (33). 

Ada  is  a  high  order  language  (HOL)  that  i  user 
friendly.  It  is  replacing  machine  code  and  assembly 
languages  which  are  much  harder  to  document  then  Ada . 
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Two  new  DOD  directives  were  issued  in  March,  1937  ,  tnat 
make  Ada  mandatory  for  all  new  or  upgraded  weapons  and  ADP 
software.  The  DOD ' s  Ada  Joint  Program  Office  readily  admits 
that  while  the  directives  are  in  place,  there  are  still 
stumbling  blocks.  Many  system  program  managers  have  found 
ways  to  stall  Ada's  advance  either  by  getting  waivers  from 
the  directives  or  by  drafting  their  request  for  proposals 
(RFPs)  in  such  a  way  that  Ada  is  not  suitable. 

Virginia  Castor,  Director  of  the  Ada  Joint  Program 
Office,  says  much  of  the  blame  for  Ada  stonewalling  has  to 
lie  with  industry.  "It's  not  so  much  that  the  program 
manager  has  slowed  Ada  down.  He's  being  influenced  by 
contractors  looking  to  protect  their  research  and 
development  (R&D)  funds."  DOD  owns  the  copyright  on  Ada  and 
therefore  precludes  many  contractors  from  claiming  R&D 
reimbursements  for  their  software  tools,  Ms.  Castor  says. 

As  a  result,  "it's  the  contractors  who  convince  the  program 
managers  that  Ada  won't  work  for  their  applications,"  she 
adds.  "And  once  the  program  manager  is  sold  off  Ada,  the 
contractor  can  sell  nim  on  software  packages  owned  by  the 
contractor"  (33). 

If  Ada  is  to  be  used,  support  software  is  required  to 
mesh  the  software  code  in  the  HOL  with  computer  hardware. 

The  advantage  gained  from  support  soft /are  is  tnat  software 
code  can  be  written  independent  of  its  hardware  application. 
This  means  that  any  contractor  can  now  write  software  for 
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the  Air  Force.  Whereas,  in  the  oast,  software  could  be 
written  only  by  the  contractor  who  supplied  the  hardware 


(  35  )  . 

Advanced  Structures.  In  1981,  the  Air  Force 
Logistics  Command  started  sending  operational  suppor tabi 1 i ty 
problems  to  AFCOLR  in  the  form  of  logistics  needs.  The 
logistics  needs  which  deal  with  aircraft  structures  arc 
forwarded  by  AFCLOR  to  the  AFWAL  Flight  Dynamics  Laboratory 
for  a  solution.  Structural  improvement  of  operational 
aircraft  is  an  on-going  program  initiated  in  1981  oy  the 
Flight  Dynamics  Laboratory  to  develop  structural  components 
with  optimized  suppor tab i 1 i ty  characteristics.  These  new 
structures  are  targeted  as  replacements  for  structures 
causing  the  operational  suppor tabi 1 i ty  problems. 

Under  the  structural  improvement  of  operational 
aircraft  program,  a  new  center  section  leading  edge  flap  for 
the  A-7  was  developed.  The  original  flap  had  an  average 
service  life  of  1360  hours.  An  investigation  of  the  mission 
environment  of  the  A-7  revealed  vibration  was  the  cause  of 
early  flap  failures.  The  redesigned  flap  nas  an  expected 
service  life  of  more  than  100,000  nours.  The  increased  life 
is  achieved  with  the  application  of  integral  damping  technol 
ogy  and  a  redesign  of  the  internal  flap  structure. 

Integral  damping  technology  is  a  process  whereby  an 
adhesive  and  metal  are  bonded  together  to  dampen  vi brat i an . 


Metals  have  no  damping  properties  an  i  transfer  any  vioretinn 


tnroughout  the  entire  structure.  When  metals  are  bon. I -a  3  to 
an  adhesive  with  viscoelastic  damping  properties,  the 
vibration  is  absorbed  by  the  viscoelastic  material.  This 
minimizes  the  amount  of  vibration  transferred  to  the 
remaining  structure. 

Another  structural  improvement  effort  is  on  the  F-lll 
outboard  spoiler.  The  original  design  of  t.ne  spoiler  have 
been  made  in  the  1960's  before  sound  waves  were  consiierei 
as  a  source  of  acoustic  viorati  on.  A  re  ie  sign  of  pari 

incorporating  integral  damping  and  superpiastic  forming 
technologies  increased  service  life  from  1,400  no  93,9 j0 
nours  and  reduced  piece  parts  by  93  percent. 

Superpiastic  forming  is  a  ma.nufactur  ing  technique  no 
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this  forming  is  a  difficult  task.  To  da c e  l:  mas  seen 
successfully  accomplished  with  aluminum  and  titanij.m. 

Parts  are  typically  manufactured  into  complex  saapes  o 
joining  a  series  of  smaller  and  simpler  ner.nl  pieces  wiri 
rivets  and  fasteners.  The  bui  It- up  structure  is  su.sceoiiol 
to  corrosion  and  fatigue  damage. 

Superplastically  formed  structures  offer  many  supports 
bility  advantages.  These  structures  reduce  parts  count  by 
eliminating  the  need  for  fasteners  and  rivets  to  nanuf ictur 
complex  shapes.  Reduced  parts  count,  in  turn,  decreases 


ma  in  tenance  task  time.  Anotnar  benefit  at'  superplast  ical 1/ 
formed  structures  is  their  corrosion  resistance.  These 
integral  structures  are  water  impregnable.  Also,  the 
absence  of  rivet  and  fastaner  hole  eliminates  the  potential 
fracture  sites  where  fatigue  cracks  originate. 

The  Flight  Dynamics  Laboratory  is  also  sponsoring  the 
supportable  hybrid  structures  program.  Under  this  program, 
supportabi 1 ity  improvements  are  coequal  to  performance  and 
cost.  The  program  will  establish  a  data  base  for  aircraft 
material  selection  based  on  least  cost,  most  supportable, 
and  best  performance  to  be  achieved  for  a  given  application 
The  program  will  evaluate  the  supoo r tabi 1 i ty  aspects  of: 
advanced  materials;  composites  and  metals;  joining  methods; 
aircraft  battle  damage;  manufacturing  techniques;  super¬ 
plastic  forming;  and  repair  procedures  for  peace  and 
wartime.  This  program  is  targeted  for  completion  in  1991. 
The  results  will  be  given  to  the  ATF  SPO  (5;  41;  42). 

Transparencies.  In  the  early  1970’s,  the  Air 
Force  was  losing,  on  the  average,  one  F-lll  every  eleven 
months.  The  cause  was  due  to  oiris  striking  the  canopies. 
Transparencies  were  then  developed  to  keep  birds  from 
damaging  canopies  but  these  had  poor  optical  qualities. 
Pilots  could  not  see  through  the  canopy  well-enough. 

Another  development  effort  was  funded  to  improve  optical 
guality.  The  difficulty  with  these  ind  \>on  lent  efforts  to 


address  individual  problems  was  that  an  opti.num  canopy 
design  was  never  realized. 


Canopies  are  composed  of  a  frame  and  transparency.  The 
transparencies  are  formed  as  a  composite.  Each  later  of  the 
composite  serves  a  particular  purpose.  For  example,  one 
layer  may  be  for  protection  against  laser  hardening  with 
another  layer  to  improve  optical  quality. 

The  F-lll,  F-16,  T-38,  F-4,  A-7,  and  3-1  have  all 
required  retrofit  canopies.  This  is  because  of  a  mismatch 
between  the  transparency  qualities  which  were  needed  to  fly 
the  mission.  Each  aircraft  requires  a  transparency  with  a 
certain  set  of  qualities  which  include  any  or  all  of  the 
following:  hail,  lightning,  and  birdstrike  protection; 

laser,  chemical,  and  microwave  hardening;  radar  cross 
section  reduction;  optical  quality;  and  cost  of  ownership. 

The  AFWAL  Flight  Dynamics  Laboratory  recognized  that 
transparency  technologies  cannot  be  developed  to  solve 
individual  problems  independent  of  the  overall  requi rements 
of  the  aircraft  mission.  The  problems  had  to  be  solve!  witn 
all  factors  considered.  The  mission  integrated  transparency 
system  (MITS)  program  was  sponsored  by  the  AF*VAL  Flight 
Dynamics  LAboratory  to  develop  an  optimum  tr anspar ency .  The 
program  is  to  blend  specific  technologies  together  to  meet 
th^  requirements  of  a  given  mission.  The  technologies  will 
come  from  lessons-learned  on  past  transparency  retrofit 


efforts.  An  optimum  transparency  will  consider  the  needs  of 
ooth  the  aircrews  and  the  maintainors. 

The  objectives  of  the  MITS  program  are  to  improve 
optical  qualities  of,  increase  life  of,  and  reduce  the  cost 
of  transparencies.  Also,  easier  maintenance  procedures  will 
be  developed.  This  will  results  in  a  transparency  which 
represents  a  good  balance  between  suppor tabi 1 i ty  and  perfor¬ 
mance  features. 

Also,  under  this  program,  the  metal  frame  for  the  trans 
parencv  will  be  replaced  by  some  type  of  hybrid  composite 
(for  example,  kelvar./glass  epoxy).  The  composite  frame  has 
potentially  many  advantages  over  the  metal  frame.  The 
composite  frame  will  be  less  expensive  and  lighter  weight. 

In  the  past,  the  metal  frames  were  only  supplied  by  airframe 
contractors.  This  made  spare  parts  hard  to  get.  A  variety 
of  sources  for  the  composite  frame  exist  to  manufacture  the 
frame  and  to  provide  spare  parts. 

The  MITS  program  is  projected  to  be  completed  by  1995. 
At  that  time,  the  canopy  designs  for  an  air-to-air  fighter 
and  air-to-ground  fijnter  will  oe  complete.  The  procedures 
wilL  exist  to  design  canopies  for  other  aircraft  and 
miss  ions  (22;  47 )  . 

Landing  Gear.  Landing  gear  must  be  overhauled 
frequently  due  t>  corrosion  of  structural  components.  The 
overhaul  facility  for  Landing  at  Ogden  Air  Logistics  Center 
cites  corrosion  as  the  number  one  reason  for  condemnation  of 


landing  gear  components.  The  preventive  maintenance 
schedule  for  C-141  landing  gear  is  driven  by  corrosion 
requiring  overhaul  every  two  years.  These  condemnations  and 
requirements  for  frequent  preventive  maintenance  are  drivers 
to  replace  corrosive  metals  with  noncorrosive  advanced 
materials. 

The  AFWAL  Flight  Dynamics  Laboratory  is  managing  a 
program,  Low  Life  Cycle  Cost  Landing  Gear,  to  investigate 
the  eventual  replacement  of  300M  inign  strength  steel  and 
aluminum  with  titanium  matrix  composite  ( TMC )  landing  gear 
components.  A  very  high  strength  material  is  needed  for 
landing  gear.  Titanium  has  been  built-up  as  a  metal  natri< 
composite  to  achieve  that  strength.  The  objective  of  t.ne 
Low  Life  Cycle  Cost  Landing  Gear  program  is  to  verify:  it 
is  possible  to  fabricate  landing  gear  components  from  TMC; 
TMC  is  strong  enough;  it  can  be  mated  to  other  components  of 
the  landing  gear.  It  is  anticipated  TMC  will  have  a  higher 
acquisition  cost  but  much  lower  operation  support  (O&S) 
costs  so  overall  Life  Cycle  Cost  will  be  lower  with  TMC  man 
with  conventional  Landing  gear  materials. 

One  major  benefit  of  TMC  for  landing  gear  structural 
components  is  the  potential  it  offers  to  reduce  the  number 
of  both  scheduled  and  unscheduled  maintenance  actions.  This 
could  p.  tentially  increase  reliability  by  30  percent.  The 
number  of  schedule'!  maintenance  actions  are  decreased  by 
reducing  oeriodic  inspection  for  structural  integrity  and 


tor  corrosion.  The  number  of  unscheduled  maintenance 
actions  are  decreased  by  reducing  failures  due  to  fatigue, 
ovarstress,  and  stress  corrosion. 

When  a  TMC  component  is  removed  for  repair  or  inspec¬ 
tion,  a  number  of  current  maintenance  procedures  can  be 
omitted  because  of  titanium's  noncorrosive  properties.  In 
complex  areas,  considerable  desassembly  is  required  to 
inspect  for  corrosion.  This  is  especially  serious  in  lubri¬ 
cation  passages,  threaded  connections,  lug  faces,  and  press 
fit  joints.  During  overhaul,  all  paint  and  surface  finishes 
must  be  removed  to  inspect  for  corrosion,  and  corrosion 
inspections,  become  unnecessary.  Finally,  corrosion 
removal,  done  by  air-powered  equipment,  hand  polishing,  or 
machining,  is  also  eliminated. 

Maintainability  of  TMC  landing  gear  improves  because  of 
fewer  and  simpler  maintenance  procedures.  Although  no  quan¬ 
tifiable  data  can  be  developed  at  this  time  for  maintenance 
reduction,  it  should  be  at  least  comparable  to  the  reliabil¬ 
ity  improvement. 

Another  aspect  of  this  program  is  an  investigation  of 
how  to  reduce  periodic  maintenance.  It  consists  of  devel¬ 
oping  an  advanced  landing  gear  system  and  its  components. 

The  following  parameters  may  be  measured  by  this  system  and 
displayed  to  both  aircrew  and  ground  personnel:  tire, 
strut,  antiskid  brake,  and  arresting  hook  damper  pressures; 


strut  oil  level;  brake  wear;  brake  temperature;  and  weight 
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and  balance  in  format  ion .  This  system  wi 1 L  oe  available  in 
the  mid-1990's  for  aircraft  application  (36). 

Another  technology  the  AFWAL  Flight  Dynamics  Laboratory 
is  investigating  for  the  High  Reliability  Fighter  is  radial 
tier  designs.  Radial  tires  provide  longer  life,  require 
less  maintenance,  and  offer  reduced  weight  over  current  bias 
tires.  Designs  exist  for  select  aircraft  but  this  is  not 
yet  a  mature  technology  (35). 

Cockpit  Displays.  There  are  thousands  of  bits 
of  information  needed  by  the  military  pilot  to  fly  today's 
sophisticated  aircraft.  Mechanical  needle  indicators 
require  an  excessive  amount  of  space  in  the  cockpit  to 
display  all  required  information.  These  mechanical  indica¬ 
tors  also  do  not  display  the  information  in  a  format  that  is 
easily  read  by  a  pilot  constantly  bombarded  with  informa¬ 
tion.  What  is  needed  is  graphic  display  of  information  for 
the  pilot  to  read  more  quickly. 

Cathode  ray  tubes  (CRTs)  replaced  mechanical  needle 
indicators  to  provide  graphic  displays.  But  CRTs  still 
required  too  much  space  in  the  aircraft  and  they  were  not 
reliable.  The  life  of  CRTs  in  operational  aircraft  ranged 
from  200  hours  to  2000  hours  and  they  failed  catastrophic- 
ally  (they  either  worked  or  they  did  not  work).  In  an 
attempt  to  overcome  the  shortcomings  of  mechanical  needle 
indicators  and  CRTs,  the  AFWAL  Flight  Dynamics  Laboratory 
has  been  investigating  alternative  technologies. 


5  3 


Tne  alternative  technologies  are  light  emitting  diodes 
(LEDs),  liquid  crystals,  electroluminescence,  and  flat  panel 
CRTs.  These  technologies  can  be  packaged  into  "flat" 
displays  requiring  only  one-fifth  the  area  occupied  by 
conventional  displays.  The  alternative  technologies  can 
function  in  the  capacity  of  multifunction  displays.  This 
further  reduces  the  number  of  separate  display  units  in  the 
cockpit  and  makes  more  efficient  use  of  the  display  units 
used  ( 34 ) . 

An  LED  is  in  principle  a  simple  semiconductor  device. 
LED  display  devices  are  used  in  commercial  applications  such 
as  hand-held  calculators  and  matches.  LED  displays  are 
suitable  for  aircraft  and  other  military  applications  in 
part  because  of  their  high  reliability.  The  MTBF  of  an  LED 
flat  panel  display  is  estimated  at  10,000  nours.  The  LED 
display  generally  fails  gradually,  as  opposed  to  the 
catastrophic  failure  which  can  occur  with  tube  displays. 

LEDs  can  be  constructed  of  arbitrary  sice  and  shape.  The 
major  disadvantage  of  flat  panel  displays  is  their  higher 
power  consumption  (51:289-331). 

A  liquid  crystal  display  (LCD)  is  a  nonemissive  display 
normally  viewed  in  reflection.  This  means  that  there  musty 
be  a  reflecting  medium  behind  the  display.  Its  function  is 
to  return  light  to  the  viewer  so  that  he  can  perceive 
changes.  Nonemissive  displays  have  two  basic  advantages 
over  LEDs:  (1)  they  require  nuch  less  power  to  operate,  and 


(2)  tney  do  not  wash  out  in  high  ambient  light.  The  term 


washout  refers  to  the  loss  of  contrast  in  a  light-emitting 


display.  Disadvantages  associated  with  LCDs  in  military 


applications  are:  poor  brightness;  limited  sharpness; 


limited  color  capacity;  and  low  reliability  (51:415-457). 


Flat  CRTs  are  devices  which  use  an  electron  beam 


hitting  a  phosphur  as  the  method  of  light  generation.  Thus, 


all  such  devices  must  have  a  method  for  generating  the 


electron  beams.  This  oortion  of  the  device  is  called  a 


cathode.  The  technology  for  flat  CRTs  is  limited  by  the 


capability  to  miniaturize  the  cathode.  There  are  many  ad van 


tageous  characteristics  of  flat  CRTs  which  makes  its  devel¬ 


opment  worthwhile.  Their  speed  of  response  and  resolution 


are  capable  of  satisfying  the  requirement  of  a  pilot  for  tne 


presentation  of  high-quality,  dynamic  imagery.  They  have 


few  parts  and  require  as  little  as  seven  connections.  The 


CRTs  are  versatile — one  design  can  be  used  for  a  wide  number 


of  applications  with  little  or  no  design  change.  They  are 


reliable,  have  long  life,  are  relatively  inexpensive,  and 


fabrication  of  the  tube  is  amenable  to  mass  production 


(51:138-236) . 


Electroluminescence  (EL)  is  the  emission  of  light  from 


a  polycrystalline  phosphur  solely  due  to  the  application  of 


an  electric  field.  It  is  of  simple  construction  resulting 


in  lower  production  costs  than  competing  technologies.  EL 


is  characterized  by  low  power  requirements,  graceful 


degradation,  and  long  life.  The  disadvantage  of  EL  is  poor 
readability  in  sunlight  (51:237-287). 

Each  of  these  technologies  is  being  researched  for 
applications  in  retrofitted  and  next  generation  aircraft 
systems.  These  application  include:  Cockpit  and 
helmet-mounted  displays;  switches;  and  lighting  inside  tne 
ai rcraf t. 

Engines .  The  AFWAL  Aero  Propulsion  Laboratory 
has  an  Advanced  Technology  Engine  Gas  Generator  (ATEGG) 
program  which  tests  new  technolog ies  to  demonstrate  they 
will  operate  as  expected  in  the  hostile  engine  environment. 
The  ATEGG's  have  specific  performance  goals  to  meet  with 
suopor tabi 1 ity  being  a  desired  outcome.  There  is  no  "ultra 
reliable"  engine  effort  under  ATSGG  but  some  of  the  new 
technologies  in  ATEGG  could  result  in  a  more  supportable 
engine. 

Three  technologies  developed  by  engine  contractors  or 
other  countries  are  being  transitioned  into  ATEGG.  These 
technologies  are  undergoing  testing  because  they  offer  signi 
ficant  performance  improvements  but  they  also  offer  some 
significant  supoor tabi 1 i ty  improvements. 

1.  Dry  Tube  Bearings.  The  bearings  are  made  of 
nonmetals  such  as  ceramic  or  glasses.  These  bearing  elini- 
nate  liquid  lubrication  requirement'  and  offer  the  potential 
of  operating  temperatures  to  1500°F  compared  to  the  350°F 
limit  currently  imposed  by  liquid  lubricants.  Elimination 


of  liquid  Lubrication  means  one  lass  servicing  requirement 
imposed  on  maintenance  personnel.  The  technology  availabil¬ 
ity  date  for  dry  lube  bearings  is  the  year  2000.  They  will 
begin  testing  in  ATEGG  by  the  early  to  mid-1990's. 

2.  Ceramic  materials.  Application  of  these 
materials  in  engines  will  allow  operation  at  higher 
temperatures  without  the  need  for  cooling.  Turbine  blades 
and  vanes  are  prime  candidates  for  the  application  of 
ceramics.  Currently,  such  blades  and  vanes  are  cooled  by 
air  passed  through  a  multitude  of  cooling  holes  machined 
into  the  blade  or  vane.  This  results  in  an  expensive  and 
life  limited  (the  cooling  holes  represent  fracture  sites) 
component.  With  the  use  of  ceramics,  these  blades  and  vanes 
no  longer  require  cooling,  and  become  less  expensive  to 
fabricate,  and  increase  the  life  of  the  component.  Ceramic 
components  will  be  available  for  test  in  ATEGG  oy  the  late 
1990 ' s. 

3.  Brushed  seals.  This  technology  is  replacement 
for  knife  edge  and  face  seals.  Brushed  seals  are  "super" 
stiff  enabling  them  to  withstand  overloads  while  maintaining 
tight  clearances.  Seals  are  a  frequent  remove  and  replace 
item  in  engines.  Brushed  seals  offer  the  potential  for 
reducing,  remove  and  replace  maintenance  actions  because  of 
their  longer  useable  life.  This  technology  will  be  tested 
in  ATEGG  in  1988.  It  is  projected  to  be  in  production  early 


in  the  21st  century  (25;  27). 


IV.  Conclusions  and  Recommendations 


Aeronautical  Systems  Division  is  procuring  more 
aircraft  systems  in  1997  t.nan  ever  before:  the  National 
Aerospace  Plane,  the  Tactical  Fighter,  the  F-15E,  the  F-151 
and  D,  tiie  Air  Defense  Fighter,  the  0-17 ,  t.ne  Advanced  Tav: 
cal  3omber,  and  the  T-46  or  so  no  variant  of  if.  Emphasis  : 
supgo  r  f  ab  i  1  i  f  y  is  of  par  a  mount  i  nnor  t  me  e  ns  ensur  e  ones  e 
future  weapon  systems  provide  the  Air  ^or  ;e  with  naonu.n 
capab i 1 i ty . 

Acquisition  strategies  such  as  acquisition  streimLinit 
and  sinulation  modeling  can  be  used  by  5 PD  manaqenent  to 
help  ensure  suppor  tab  i  L  i  fy  is  considered  equally  to  cost, 
schedule,  and  performance.  Other  acquisition  strategies, 
CALS,  and  LAMP/LAWS  will  oe  available  in  the  near  future  •:  o 
improve  the  support abi L i f y  le s  i  jn  process. 

Eacn  of  the  Air  Force  Wri  jnt  Aeronautical  LaDorirori.  es 
has  contracted  programs  to  address  so  ne  aspect  of  support  a- 
bility  as  a  result  of  Air  "or  te  eh  an  jos  in  nobility  an  1 
survi  vabi  i  i  t  y  requi  *  e  none  s  mi  RsM  2000  initiatives.  rh  e 
programs  address  t  echnol  o  j  le.s  which  could  result  in: 
inprovements  in  the  areas  of  system  diagnostics,  maintain¬ 
ability,  and  reliability;  reduced  need  for  manpower  and 
support  equipment;  decreased  radar  tine;  and  elimination  of 
the  intermediate  level  of  maintenance.  As  these  technol¬ 
ogies  develop,  they  will  io  mor>  .',,i  just  improve 


suppor tabi 1 i ty .  They  will  stimulate  ideas  for  now  tachaol- 
ogies  and  new  aircraft.  VHSIC  technology  was  originally 
developed  to  improve  the  performance  of  data  and  signal 
processors.  During  VHSIC  development,  suppor tabi 1  i ty  of 
weapon  systems  became  important.  VHSIC  technology  was  then 
viewed  from  both  a  performance  and  suppor tabi 1 i ty  perspec¬ 
tive.  As  a  result,  reliability  improvements  were  realised 
in  such  programs  as  the  ultra  reliable  radar  w'nicn  uses  one 
VHSIC  technology.  The  smaller  ICs  used  on  this  radar 
results  in  extra  space  to  include  additional  ICs  for  redun¬ 
dancy.  The  SRFCS  oenefits  from  the  new  suppor tabi 1 i ty 
perspective  of  VHSIC  oy  using  it  to  develop  an  advanced 
system  diagnostics  capability.  SPOs  snould  view  all 
advanced  technologies  from  both  a  suppor tabi 1 i ty  and  a 
performance  perspective  to  maximize  the  payoff  to  be 
realized  frem  the  technologies. 

Developing  advanced  technologies  to  improve  suppor t ao i L  - 
ity  may  significantly  change  the  design  of  future  aircraft. 
Application  of  t.ne  SRFCS  may  be  one  of  t.nose  technologies 
wnich  will  precipitate  a  raiieal  on an  g  a  in  aircraft  iesig.n. 
The  self- repairing  flignt  controls  may  be  more  efficient 
when  used  in  reconfiguration  conditions  if  changes  are  na  lo 
to  the  function,  location,  and  design  of  aerodynamic  contra! 
surf  aces . 

Advanced  technologies  should  be  followed  by  th5  S?  )s  i  ; 
the  technologies  continue  through  advanced  do ve Inomen t 


programs  an.i  avait  inclusion  in  true  design  of  future 
aircraft  systems.  Supportable  aircraft  are  possible  vh  en 
technologies  are  designed  to  be  supportable  and  rfhen  tries 
technologies  are  transitioned  early  into  the  design  phase 
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Abstract 


The  importance  of  high  reliability  systems  in  the 
national  defense  strategy  of  “force  multiplier"  is 
paramount.  Currently,  the  Air  ^orce  has  adopted  Reliability 
and  Maintainability  (R&M)  2000  as  a  management  policy  to 
achieve  high  reliabilities.  However,  there  are  few  methods 
being  implemented  which  can  improve  the  measures  of 
reliability.  One  method  used  with  success  by  satellite 
systems  is  the  use  of  expensive,  but  highly  reliable  class  5 
electronic  parts  as  opposed  to  the  class  S  parts  used,  in 
avionics  and  ground  electronic  systems.  A  methodology  for 
determining  the  improvement  of  systems'  Mean  Time  Between 
Failure  (MTBF)  was  developed.  Additionally,  the  impact  of 
improved  system  NTTBF  along  with  higher  acquisition  costs  as 
a  result  of  using  class  S  parts  was  analyzed  in  a  life  cycle 
cost  model.  The  results  obtained  in  this  research  indicate 
that  class  S  parts  have  the  potential  to  significantly 
increase  MTBF  while  actually  lowering  life  cycle  costs. 
Recommendations  for  follow-on  research  are  given. 
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